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PEEFACE- 



This essay, to wliicli was awarded the Boylstoii 
Prize, offi^red by Harvard University for the beet 
dissertation on " Recent Advances in Ophthalmic Sci- 
ence^^^ is not devoid of the faults incident to such 
a treatise, which, from the tiature of the question 
proposed, embraces a variety of subjects, but ought 
not to exceed moderate limits. 

It 19 hoped ^ however, Uiat it may in a measure sup- 
ply the demand, which becomes every day more ur- 
gent, for a w*ork which, without being too elaborate, 
may assist the student and the general practitioner in 
acquiring a knowledge of the principles of the Ophthal- 
moscope and of its practical application, — and which 
may also elucidate, so far as is possible in a brief 
rSiumi^ other important points in regard to which im- 
mense progress has been made within a few years, 
leading to a more correct understanding of the optical 
powers and functions of the eye, and of the resuhs 
of aberrations from the normal standard. 



VI PREFACE. 

I have endeavored, without introducing the nice- 
ties of abstruse mathematical calculations, to give a 
concise and clear exposition of the many new facts 
and principles, of which the recent demonstration, 
by Professors Bonders, Graefe, Helmholz, and others, 
has conferred a fresh lustre upon Ophthalmology, 
and entitled it to a high place among the depart- 
ments of medical science. 

I am indebted to the accurate scientific knowledge 
and artistic skill of my friend. Dr. John Green, for 
drawings of the plates which so greatly enhance the 
value of the work ; and I think it will be admitted 
that these illustrations, — especially those explaining 
the Ophthalmoscope, and those which relate to the 
functions of the eye in refraction and accommoda- 
tion, — afibrd to the novice in these studies a more 
perfect demonstration of the principles involved, and 
of their application, than can be found in any work 
which has hitherto appeared. 

15 Arlington Street, Boston, 
1st January, 1866. 
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from the invendun of certain mstmrnents, hv which 
we are enabled to explore the interior of the eye with 
almost as mnch ease as we can its external snriace* 
and determine its condition with nearly eqnal cer- 
tainty. An account of the recent advances in oph- 
thalmic snrgery wonid therefore be scarcely complete 
withoQt a description of the means which have £icili- 
tated them. 



THE OPHTHALMOSCOPE. 

NoTWiTtiSTANBiNG some isolated observations of 
reflection from the back part of the eye, it was till 
lately generally believed that rays of light reaching the 
posterior portion of a healthy eye were absorbed by the 
pigment layer of the choroid, and that none were 
returned to convey an image of its interior to another 
eye. This error was due to the fact, that in the ordi- 
nary inspection of the eye its fundus is but feebly illu- 
minated, owing to the necessary interposition of the 
observcr^B head between it and any available souitie of 

light. 

Fig. 1. liLumtDatSon of tlie retina bj a cflml1jQ*^£iaiiiQ; 




Figure 1 represents an eye having a portion of ita fundus illu- 
mjnated by rays from the flame of a candle. If now, as is sliown 
in the figure, the eye is aeeommodated for distinct vif^ion at thiv 
(^Istance of the eandk% a minute but clearly defin*^d inverterl 
im^lge of l!ie flame will be Ibrnietl at the fMJsterior p^lct in tht^ 
n^!;^lon of t!i.e macula lutea, while tbu geuyr^il surlace of thts rut- 



4 BECENT ADVANCES IN OPHTHAUnC SCIENCE. 

ina IS left in comparative darkness. In order to obtain a view 
of this illuminated region it is necessary that some rays of light 
from it shall enter the eye of the observer ; but these emergent 
rays can leave the observed eye only in the inverse direction to 
that in which the illuminating rays enter it, that is, in the exact 
direction of the candle. It is evident, however, that if the ob- 
server's head be interposed between the candle and the observed 
eye it will cut off the illuminating rays from all that part of the 
retina which is in the line of vision, while, on the other hand, if 
he attempt to obtain a view from a point beyond the candle 
the emergent rays will be intercepted and his eye dazzled by 
the flame. 

N. B. In the plates illustrating the principles of the oph- 
thalmoscope, what is termed a diagrammatic eye has been 
drawn, representing the total refraction of the cornea, aqueous, 
crystalline, and vitreous, as • if effected by a single refracting 
medium of uniform density. The demonstration is thus simpli- 
fied, and the confusion avoided which would result from an 
attempt to show the separate action of the crystalline lens in 
figures so limited in size. 

The ophthalmoscope enables us to obviate this dif- 
ficulty. 

This beautiful invention of Helmholz consists in 
placing before the eye of the observer a mirror, by 
which rays from a luminous object can be thrown into 
the observed eye, in the direction they would have 
if they came from the eye of the observer. Being 
refracted by the transparent media, they fall upon and 
illuminate a certain portion of the retina. This illu- 
minated part of the retina becomes now a source of 
luminous rays, which emerge from the eye in the 
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^me direction in whicli the iUumlnatlng rays entered 
it, that hy in the direction of the mirror. In order 
that tliese rays may reach the eye of an observer, 
eitlier the mirror is made wholly or in part of a trans- 
parent material^ or it is pierced with a small aperture 
at or near its centre^ 

The mh^ror of Helmhol^a consisted in superpoaed 
plates nf thin glass, usually three in number, placed 
obliquely before the eye. On the reception of the 
emergent rays from the observed eye, a part of these 
were again reflected towards the luminous object, 
their original source ; but another portion passed 
through the mirror and entered the eye of the ob- 
server placed behind it. 

Fig' 3. QrtgtntU OphthalmDecope of Helmbolz, AamfitlDff of « pUii« ratmr madt 
up Qf Be'^eraL pliatei of tmDB}»ar«tit gL&BS* 




Figure 2 represents an eye piaeed sa aa to receive the ray* 
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while the portion of the emergent pencil wliich falls upon the 
hole in the mirror passes through in the direction of A. 

As tlie rays thus received from the fundus of an 
eye under examination are ordinarily slightly conver- 
ge nt» they may he rendered panilleh and thus better 
disposed for the formation of a distinct image on the 
retina of the observer, (wliose eye, if normal, is 
adapted either for parallel or fur divergent rays,) by 
placing a concave lens heliind the mirror. 

Examination in this manner constitutes what is 
tL^rmed the direct metliod^ and gives an erect and 
greatly enlarged imatre of the fiindus of the eye ex- 
plored \ different portions of the retina behig suc^ 
cessively brought into view by slightly changing the 
position of the mirror and of the eye of the oh- 



The emergent rays may also be rendered parallel, 
in many cases, without a concave lens, by simply re- 
quiring the patient to look at an object at a distance, 
by which action his eye accommodates itself for par- 
allel incident rays, and the emergent rays undergoing 
the same refractive conditions become paralleL At 
the same time, the rays which enter the eye from the 
mirror, coming from an object nearer than the distance 
.for which the eye is uccommodated, atid being there- 
fore divergent, are not bi^ought to a focus uj>on the 
retina, but behind it, and therefore form upon the 
retina a circle of disipersion^ by which a somewhat 
larger portion of its surface becomes illuminated. 
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The use of a concave instead of a plane mirror af- 
fords a better illumination, as the rajs being conver- 
gent when the J enter the eye, are brought to a ft>cus 
at a short distance behind the lens, and crossing each 
otlier there, diverge to form a circle of disi>ersion of 
such size as to light up a considerable surface of the 
retina. 



Wig* 4 Ophthalmoscopy, with concdiFC iQetatlic or isllTered glsiM mirror, Ahofrlnfr 
greak'F vxtcot, of HiuiQipatiDu } aIbo fiho«iiig the use of a concave ej^-^lasa. 




Figure 4 Illustrates the use of a concave Dilrror, D B, in* 
Btcaii of the plane one;? ebown in Figures 2 and 3, By com- 
paring this figure with the two former, it wiE be seen that a very 
much lar^r pencil of light from the luminous point • m made to 
enter the pupil of the observed ejCj thus insuring a very brrl- 
Hant illumination of its fundus. It will be observed, also, that the 
illuminating rays converge to a focus in frt^nt of the retina, from 
which point tijey again ili verge so m to light up a considerable 
iuriat'c instead of the single point N. 

The small concave eye-glass L is placed behind the hole In 
the mirror in order to render the rays from the observed eye 
parriUel or slightly divergent, thus fitting them to form a dis- 
tinct im^e on the retina of the observer* The same form of 
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eye-glass h required Tfith the mlrpore shown in the two for- 
mer figurt-K^* If the patient or the obsen^er happens to be 
^tnmgly hypermetropic the eye-glass may often be dispensed 
witiu 



Tlie substitution of reflected light for the luoiinouf^ 
object itself, and its return, after illumination of the 
observed eve, through tlie mirror to the eye of the 
observer, forma the- first principle of construction of 
all the common forms of the ophthalmoscope. 

The numerous modifications of the instrument have 
resulted from efforts to increase the extent and degree 
of illumination, to enlarge the field of surface visible 
at one and the sauie time, and, lastly, to avoid the ne- 
cessity of frequent changes of lenses to correct refrac- 
tive anomalies in the eyes both of the patient and of 
the observer. 

From the desire to fulfil these indications has arisen 
the *' indirect " method of examination^ whem an in- 
verted image of the fundus of the eye is perceived by 
the observer. 

In this mode of exploration, a bi-convex or plano- 
convex glass, of from two to four inches focal distance, 
is held near the observed eye. By this means two 
results ai"e obtained; — the rays from the mirror are 
rendered yet more convergent, and after refraction by 
the crystalline they form a large circle of dispersion, 
illuminating a considerable portion of the fundus ; and, 
secondly, the rays emerging from the illuminated ret- 
ina are brought to a focus in repassing through the 
I* 
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convex lena, forming a brilliant and clearly defined 
inverted image. 

Fig- 5, Ophthalmoscope, combining' the concaTe mirror and a ^onveK eiij&clive 
Iwra^ thowtng the greatJy incr^ai^ed &eld of iLtaiulDatit>ii. The IlkutuinatlDg rays 




Fjfl^ure 5 shows the combint;cl effect of the concave mlrmr 
D E and the objective lena L in renflerlng the illuininating raj*i 
wtrotif^Iy convergent^ and consemientSy iigbting up a very lai^e 
portion of t!ie fundus of the observed eye. 

By the employment of this lens all nice distinctions 

as to the myopia, hypermetropia, or accommodation 
of the observed eye, which must without ils use be 
taken into account in searching for the retinal image, 
may be comparatively disregarded ; and we know that 
this image must now he found within a short distance 
of the princi]5al focus of the ohjective lens* 

Figure G i^hows the aetkm of tlie objective lens L in form- 
ing at a'l aj a" an inverted image of the portion of iUuminated 
retina N', N, W\ The dotted lines to the right of a'^ a^ a" 
which pass through the hole in the mirror are eon tin nations of 
t!ie rays which by their eonvet^enee have fonned the image 
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Fi^, a* Olthth&lmaaCQpe witb cDncave mLrroi- and! qonveit objiiCtLvQ Icna^ BboTriDg' 
the formatiod nl ati iavurted Liiia|$e, Ths illutQinatltig myj nr^ omittx^. 




a', a, a''. Til**, whcjie image a', a, a'\ corresponding to the whole 
aiirface K"j N^ N", Is thereibre viBible at a single glance to the 
*!^e af an observer placed directly behind the raim>rj whereas 
without the objective lens only a very Email portion of the reti- 
nal Hurlace can be ^en at a time, and the exazai nation of any 
extensive rejj;ion can only be niadL% as it were^ pieeemeal, by 
moving the mirror and thus bringing diiFerent parts successively 
into view. 

It is only requisite to bring the eye of the ohsen^er 
a little nearer to the observed eye if the latter is my- 
opic, and the contrary in a case of hypermetropia, 

Vig. 7. DIagTUD lUitBtratlDf^ ilje t>osEtiad at the Adverted im^ge at or near tlie ^Up 
cipal fucxLs of ibti objectiTe lean. 




Fig^ire 7 is intended to illuiitrale the various positions of 
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the inverted image formed by the objective lens L, under differ- 
ent refractive conditions of the observed eye. The three condi- 
tions of myopia or forced accommodation, emmetropia, and hy- 
permetropia are represented in the three directions of the emer- 
gent rays ; viz. myopia by the rays which converge to A', em- 
metropia by the parallel rays A, A, and hypermetropia by the 
divei^gent rays A", A". In the case of the emmetropic eye ac- 
commodated for an infinite distance, the rays A, A, which 
emei^e parallel from the observed eye, are brought to a focus 
and form an inverted image of the retina at the principal focus, 
F, of the objective lens L. If the observed eye is myopic or 
accommodated for near objects, say at the distance A', the emer- 
gent rays, which are already somewhat convergent, will be 
brought to a focus at a point a little nearer to the lens L than 
its principal focus, say at F'. If, on the other hand, the ob- 
served eye is hypermetropic, the emergent rays, although some- 
what divergent, are by no means sufficiei\tly so to neutralize the 
convergent action of the powerful lens L ; they are therefore 
brought to a focus, not at or within the principal focus of the 
lens L, but beyond it, say at F'. In the case of an excessively 
hypermetropic eye, or after the removal of the cr}'stalline, it 
may be sometimes advantageous to employ an objective lens of 
greater power than usual, say one of less than two inches focal 
length; but for the vast majority of eyes, a lens of from two to 
four inches focal length is sufficient 

This image may be magnified, or the eye of the 
observer, if presbyopic or hypermetropic, aided by 
placing a second convex glass of less power, say of 
ten inches focal distance, behind the miiTor, which 
must, perhaps, in this case be placed nearer the aerial 
image, so as to bring this latter within the range of 
the second glass. 
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I^S^. S. UiQ «f «oaTts ejusglau la tbe esctimJiiatiQa of the ioirert^il retLaal lzna^«. 




Figure 8 sliowB the iise of a convex eyeglass in viewing 
the i*etma hy means of its hivertccl image. If the objective lena 
L ia chosen of moderate power, and especially if the observed 
eye IS strcHigly hypennetropic, the image a will be formed so for 
from the Icm L as to necessitate the removal of the observeri 
and consequently of the mirror* to an inconvenient distance. 
This difficulty is entitH:ly obviated by the employment of a con- 
vex eyeglass placetl behind the hole in the mirror D E, which 
gives the additional advantage of a more highly magnified image p 
The image may be magnified to almost any desired degree by 
the employment of a weak object-glass and strong eye-glasa. 

For this method of examining the eye by the in- 
verted image, concave silvered or metallic mirrors 
are employed, in order to secure a sufficiently exten- 
sive and brilliant illumination j but for certain exami- 
nations in the erect image, or where the pupil lias not 
been dilated by atropia, or, especially, wliere great 
sensitiveness of the retina ia present, the plane mirror 
of Helmholz, cpmposed of thin plates of glass, is often 
to be preferred^ owing to the less intensity of the light 
I'eQected by it. 
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The direct method, with the upright image, is par- 
ticularly well adapted for the exploration of the parts 
of the eye lying anterior to the retina. 

Opacities or other changes in the vitreous or the 
crystalline lens can thus be detected, and their rela- 
tive positions determined, with great readiness and 
certainty. 

MODE OF USING THE OPHTHALMOSCOPE. 

In a very large proportion of ophthalmoscopic ex- 
aminations, especially where it is only desired to ob- 
serve the optic disc and its surrounding parts,. — as, for 
instance, in cases of myopia, where we wish to deter- 
mine the presence or absence of posterior staphyloma, 
— it is unnecessary to dilate the pupil ; but as the eye 
can be more readily as well as more thoroughly ex- 
plored after the pupil has been enlarged by the use 
of atropia, it is sometimes desirable or important to 
employ it. A weak solution, say of one grain to the 
ounce of water, will generally be sufficiently effective 
for this object, and its influence soon passes off, with- 
out subjecting the patient to the annoyance caused by 
the long-continued mydriasis and the loss of accom- 
modation which is occasioned by the use of a strong 
solution. 

The patient should be seated in a darkened room, 
near a table. On this an argand or petroleum lamp 
or gas-light is placed, a little behind the plane of his 
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forehead, and nearly on a level Vfith it. The eye will 

thus iHiceive only the rays reflected from the mirror. 
The surgeon seats himself opposite, with his eye at 
about tlie le^'el of that of the patient, or a little 
above it. 

If examining by the "direct" metliod, the light 
from the mirror is now to be directed to the ficdd of 
tlie pupil, and the surgeon, looking through the aper- 
ture in the mirror, perceives the bright reflection from 
the fundus of the eye. If the vessels of the retina 
are not distinctly seen, the instrument and the eye of 
the observer are brought a little nearer to or removed 
a little farther from the eye looked at, until the point 
of clear perception is ascertained. If this does not 
succeed, the observed eye may be at fault ; if myopic, 
or persistently accommodated for near objects, a con- 
cave lens must be placed behind the mirror, and imme- 
diately^ in front of the eye of the observer ; if hyperme- 
tropic in any marked degree, it may be necessary to 
use a convex glass in the same position. In examin- 
ing a normal eye, a concave glass of moderate power 
(say twelve inches) is often very usefid in correcting 
uuconacioas efforts at accommodation on the part of 
the patient, and perhaps also of the surgeon. In ex- 
ainining sim|>ly presbyopic eyes this may usually be 
dispensed with. 

To bring into view the optic disc, or entrance of 
the optic nerve, the patient is directed, if the right eye 
13 to be examined, to look at some object over the 
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right shoulder of the observer; if the left eye, he may- 
be told to look toward the observer's left ear ; each 
eye, in short, being turned slightly inwards and up- 
wards whilst being looked at. The optic disc affords 
a good starting-point, from which the exploration may 
be extended in all directions, the patient being re- 
quired to turn his eyes slowly to the right, left, up- 
wards, or downwards, so as to bring successively into 
view various portions of the retina. The macula lutea 
is brought into view when the patient looks directly 
at the mirror. If the pupil has previously been en- 
larged by atropia, nearly the whole of the retinal 
surface can thus be inspected. 

If the "indirect" method be employed, the convex 
lens is held near the observed eye with the thumb 
and finger of one hand, whilst the other holds the 
ophthalmoscope. The lens should be held somewhat 
obliquely, so that the reflection of the mirror from its 
two surfaces may not interfere with the observer ; and 
a plano-convex lens has an advantage over the bi- 
convex, as giving less of this disturbing element. As 
observed eyes differ in their refractive power, the lens 
must be held slightly nearer to or farther from the 
eye, in order to gain at the focus of the lens a dis- 
tinct image of the retina. A moment's trial suffices 
to establish the proper position. 

The observer at the same time keeps the ophthal- 
moscope and his eye at such distance fi'om the focal 
point of the lens (at or near which the image is to be 
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formed) as is adapted for hm clear perception of small 
objects^ 

The aerial image being thus brought to a determi- 
nate pointy a short distance from the observed eye, 
and rendered clear, it may be enlarged, if desired, by 
plachig behind the ophthalmoscope a convex lens of 
say ten inches focus. The instnimenl: is to be hekl at 
about the focal distance of ttiis secondary lens from 
the inverted image formed at or near the principal 
focus of the objective lens, as already descpbed. 

In examining the refractive media of the eye, accu* 
rate ideas respecting the situation and form of opaci- 
ties or effusions in those media may be best obtained 
by the aid of the mirror alone. 

If these are in the anterior chamber or the crystal- 
line lens, their nearness to tlie surface allows of their 
being detected ; and if in the vitreous, the cornea and 
crystalline together act as an auxiliary magnifying 
lens to render them more obvious* In viewing ob- 
jects situated in front of the retina, vre may see tliem, 
if very brilliant j by reflected light ; but in the majority 
of cases, being themselves of a dnll color, they appear, 
by reason of their opacity, as dark spots or lines, ob- 
»curing in j>art the more brilliant fundus of the eye. 



Figure d illiistratoa tlic use of the fiphtiralmoBcopc in the in- 
vestigatitm of opac^jtiea or floating borlit^s hi fnnit of the retina, 
L«*t A B represent a floating body in the vitreous; being in 
iwnt of the posterior focus of the eye, the rays from it emerge 
divi^t^gent fi'om the eye, although lesa ao than before traversing 
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fig. 9. Vm of the «pbUiaU»oica|ie La ilie lomtiftfioo of f!p«l||«i «r Aiwling fpttki 




tbe crystallme and roraca. The lap from the point A, there^ 
ibre, after emeiTfrii^ from the eye^ assume the direction A'* A'\ 
Bs i£ they bad really eome from the more distant point A'^ and 
the rays from B assume tlie direction B" B*\ as if conaing from 
the point B\ The effect is, that the eye of an observer placed in 
iront of the observed eye iriU see at A* W an enlar^ged erect 
linage of A B» 

It would be useless to attempt, here, an account 
of the numberless patterns of ophthalmoscopes which 
have been invented and found more or less of favor. 
The most convenient for ordinary purposes are small 
poncavo mirroi*s having a focus at about tlie ordinary 
di.stance at which small print can be read. That of 
Liebreich may be mentionod as a good example. 
This is fastened to a short handle, and has at one of 
its edges a hinged support in which a small convex 
or concave glass may be fixed, which can at will be 
turned avyay from or placed beliind the mirror. In 
tlie case containing it is also a convex lens or two, to 
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be used in examinations with tlie inverted image, and 
several small glasses of different foci. 

FIXED OPHTHALMOSCOPEa 

Besides the more portable ophthalmoscopes, large 
instniments have been constrncted on the same prin- 
ciples, whicli afford a ready means for exhibiting tlia 
phenomena to be observed within the eye to those 
who have not acquired facility in these explorations. 

They are provided with supports for the patient's 
head, and a point upon which, after it has been suit- 
ably adjusted, he can fix his attention, thus keeping 
the eye in any wished-for position, and allowing the 
portion of its fundus which it is desired to exhibit to 
be seen by a large number of observers in successioUi 

ETKOCULAE OPHTHALMOSCOPES. 

In order to obtain the advantage of vision with 
both eyes, a most ingenious instrument has been de- 
vised, which, by a combination of rhombohedral and 
prismatic glaisses behind the mirror, allows an image 
to be formed on corresponding parts of the retina in 
each of the observer's eyes. The advantages of this 
instrument are, that, as in tlie stereoscope, objects may 
be seen in apparent rehef, and any inefjuaUties in the 
retinal surface, whether excavation of the optic disc, 
jTosterior staphyloma, or encroaching growth of en- 
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cephaloid or other tumors towards the centre of the 
globe, may be more readily discerned, and their dei- 
gree estimated. 

The instrument forms one of the most beautiful and 
ingenious applications of the principles of optics to the 
furtherance of scientific research ; but it has the dis- 
advantage of being somewhat less quickly adapted to 
the eye under observation than the small ophthalmo- 
scope of Liebreich. 

Figure 10 represents the optical principle of the Binocular or 
Stereoscopic ophthalmoscope. N is the fundus of the observed 
eye, and N' and N" of the left and right eye of the observer. 
The objective lens L forms at F an inverted image of the illu- 
minated retina N. Instead, however, of viewing the image F 
directly through the hole in the mirror D E, the two rhombo- 
hedra H G K I and H G' K' T are interposed in such a 
position as to receive the rays as soon as they have passed 
through the hole, and to transmit them, by total reflection, half 
to the right hand toward G' K', and the other half to the left 
in the direction of G K. Here they undergo a second total re- 
flection, and are then refracted slightly outward by the small 
prisms P and P', to be received by the two eyes of the observ- 
er and brought to a focus upon his two retinae, N' and N". It 
will be seen now, by inspecting the figure, that the rays from 
the left side of the point N, shown dotted in the diagram, after 
helping to form the image F, cross to the right side so as to fall 
upon the right-hand rhombohedron H G' K' I', and finally 
come to a focus and form an image upon the retina N'' of the 
right eye of the observer. The rays from the right side of N, 
on the other hand, are in like manner received by the left-hand 
rhombohedron H G K I, to be conveyed to the observer's 
left eye at N'. The result is, that if there is any irregularity of 
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Fig, 10. The Blaocular O]ihtbalnioscope. 
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surface at N, as, for instance, an excavated optic disc, the right 
and left hand bundles of rays form somewhat different images in 
the two eyes of the observer, and from the combination of the two 
impressions stereoscopic vision results. The Binocular Ophthal- 
moscope is also of use, by enabling the observer to use both eyes 
at once, even where there is no irregularity sufficiently marked 
to produce the impressioB of solidity or excavation, — binocular 
having always an advantage over monocular vision. 



AUTO-OPHTHALMOSCOPES. 

An instrument has also been devised by means of 
which an observer can with one eye examine the 
retina of his (tther eye ; and, yet further, an instru- 
ment by which tho retina of an eye can inspect it- 
self, — an image of its papilla being thrown upon its 
macula lutea. 



NORMAL APPEARANCES TO BE OBSERVED WITH THE 
OPHTHALMOSCOPE. 

In a healthy eye, the optic disc, or papilla, as it is 
often termed, — the spot of entrance of the optic 
nerve, — is considerably lighter in color than the sur- 
face of the retina, and forms a whitish disc, some- 
times having an almost silvery reflection. From this 
the arteries emerge, generally in two superior and 
inferior branches, which subdivide as they run toward 
the periphery of the tetina ; and to it return the 
veins, distinguishable from the arteries by their darker 
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color and less direct course. In a certain number of 
eyes in which the fundus is really normal the optic 
disc appears to have an oval contour instead of its 
usual circular form. This illusion is often Jug to a 
disturbed refraction in the cornea, in consequence of 
variations of curvature in its different meridians. 
This oval appearance of the papilla depending on 
ustigmatism of the cornea, and not on any actual de- 
formity of the papilla itself, is not to be confounded 
M'ith a pathological change in its outline often seen in 
extreme myopia^ which will he hereafter described 
under the head of posterior staphyloma. But an ap- 
parently oval image will also be seen if the objective 
lens 18 held very obhquely. 

Differences of color are often observed in the optic 
disc J shghtly bluish spots and appearances of excava- 
tion being seen, especially at its central portion, in 
eyes which are fiinctionally perfect. Tliese are due 
to diiTerences in the aspect of the lamina cribrosa and 
the nerve fibres passing through it. Another varia- 
tion from the normal type is found in the existence of 
a more or less complete dark crescent ic line of pig- 
ment at the margin of the disc. But this is not to be 
deemed abnormal, it being compatible with excellent 
vision. 

The general surface of the retina appeai*s pinkish 
or reddish, according to the amount of pigment in the 
choroid beneath. The retina itself can, in most 
cases J scarcely be distinguished, but may be some- 



24 RECENT ADVANCES IN OPHTHALMIC SCIENCE. 

times made out as a thin grayish layer overspreading 
the choroid. In albinos, or persons of very light com- 
plexion, the quantity of pigment matter in the cho- 
roid is so small that the choroidal circulation may be 
distinctly seen, the vessels being paler and more tortu- 
ous than those of the retina, and evidently underlying 
the latter. In those of dark complexion these vessels 
of the choroid are masked by the abundant pigment. 
Where the amount of pigment is very small, the por- 
tion of the eyeball bounded posteriorly by the choroid 
and anteriorly by the iris fulfils only imperfectly its 
office of a dark chamber; and too great amount of 
light passing through the sclerotica and iris into this 
chamber causes confusion of the retinal images and 
photophobia. 

The macula lutea, the central spot of visual percep- 
tion, is situated about the distance of three lines from 
the papilla, towards its outer side, and is brought into 
view when the eye looks directly forward. It often 
cannot be readily distinguished on ophthalmoscopic 
examination, since no vessels converge towards it, as 
they do towards the papilla; but not unfrequently 
there is an evidently increased amount of pigment 
granules around it, marking its situation and leading 
to its discovery on close inspection. This part of the 
eye should always be carefully examined w^here there 
is reason to suspect retinal disease, as it is a frequent 
seat of pathological alterations, which are easily per- 
ceived if looked for. 
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In some instances, not abnormal, the entire surface 
of the fundus, except the papilla, seems of an almost 
brownish color, divided into patches by choroidal ves- 
sels anastomosing in all directions- Overlying this 
network are seen the retinal vessels in their usual 



course. 



This brief sketch of the appearances revealed by 
tlie ophthalmoscope in healthy eyes, seemed to have 
its place as an accompaniment to an explanation of the 
instrument itself. But, to avoid repetition, descrip- 
tions of pathological conditions will be reserved, to be 
connected with some account of the diseases which 
give rise to them. 



ADVANTAGES OP THE OPHTHALMOSCOPE. 

It is not claiming too much, to assert that the oph- 
thalmoscope has done more to increase our knowledge 
of diseases of the eye than had been accomplished 
during a century by all other means. The practi- 
tioner m not now obliged to include a large number 
of deep-seated diseases of the eye under the designa- 
tion "Amaurosis," to which the well*known remark 
of Walther was unfortunately but too apropos, — ** A 
condition where the patient sees nothing, and the 
doctor also^ — nothing.'' "Jf?wer Zti^tand^ bei wel-- 
ckem der KrankE m^hts Bieht^ aber der Arzt auch 
niclits,^' He is relieved from many embarrassing un- 
certainties in diagnosis, painful to himseltj and more 
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or less detrimental to his patient, — and is no longer in 
the dark ; but, in regard to the interior of the eye, can 
speak of what he knows and testify of what he sees. 
As accurate diagnosis is and must be the basis of all 
successful treatment, the oculist can already point to 
brilliant therapeutic triumphs over diseases hitherto 
deemed incurable, which have directly resulted from the 
knowledge acquired by means of this instrument. 

LATERAL ILLUMINATION. 

Another mode of exploring the anterior and cen- 
tral portions of* the globe, which offers many advan- 
tages and great facility, is that by lateral or oblique 
illumination. 

The patient is placed with the hght near his temple, 
and this is concentrated, by means of a lens, upon the 
cornea, iris, crystalline, or vitreous, wherever morbid 
changes may be perceived or suspected. The obser- 
ver's eye may be placed directly in front of the eye 
examined, or, still better, at the point where he will 
receive the reflected rays at the same angle as that bf 
their incidence. He may magnify and give greater 
clearness to the appearances inspected by employing 
a second lens if necessary. 

In this manner we may readily detect even tho 
slightest opacities or irregularities in the cornea, the 
faintest traces of commencing cataract, foreign bod- 
ies in the anterior chamber or lodged in the iris, as 
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weU as many alterations in the vitreous, hemorrhagici 
or other effusions there^ and, sometimes, bulging tblds 
of a separated rc^tina. 

Tlie ease and rapidity with which this means may 
be employed is not a slight recommendation. 



OPTOMETERS. 

We owe to Professor Von Graefe tlie introduction 
of an histr lime lit for determining the refractive power 
of the eye, and ascertaining the focal strengtii of 
glasses required by a patient, without the tedious trial 
of numerous lenses of different power. 

Its principle is that of the GaHlean telescope. 

In theory, this instrument appears accurately suited 
to its proposed object. Practically, however, it is 
found that its indications often need to be corrected 
by other tests. 

A convenient optometer may be made by a slight 
modification of the ordinary measure used by shoe- 
makers. The stationary upright piece is fitted to hold 
a lens, and the movable piece a card on which are 
fine printed letters. Placing this card at the wished- 
for distance in inches, the power of glasses required 
may be ascertained by changes of the lens till the 
proper number is found, or by holding such a second 
supplementary lens before the first as will render the 
print di&itinct, and adding or subtracting its power. 

A plate representing this instrument is given in the 
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chapter on the range of accommodation, — it being 
also adapted for determining this. (See Fig. 24.) 

TEST LETTERS. 

It has been very desirable to have some generally 
accepted standard by which the amount of visual 
power or acuteness of sight, and the range of vision, 
might be ascertained, and which, being referred to in 
published accounts of cases, should be universally un- 
derstood. Professor Edward Jaeger has published a 
scale, beginning with the smallest type used in print- 
ing, and extending to letters of such size as may be 
easily read by a normal eye at a distance of twenty 
feet. 

More recently Dr. Snellen of Utrecht has published 
a series of test-types in which the letters are made up 
of cubes. They are arranged without order, P H 
K O S, &c., so that actual vision is required to read 
them, and they cannot be guessed at when only part 
of a line is seen, as may often be done with ordinary 
words. 

A similar series of test-letters has been prepared by 
Dr. Dyer of Philadelphia. 

I have appended to this work a series of letters sim- 
ilar in plan to that of Dr. Snellen. The selection has 
been carefully made, so as to include only those letters 
which have throughout nearly a uniform size, without 
masses of black in some parts, and they are all of the 
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same style. Those of rounded and square outlines 
have been placed alternately, to give equality to the 
interspaces, as far as might be. The larger sizes hav- 
ing been most carefully engraved and printed, copies 
of the letters, as adapted for each of tlie distances 
given, were obtained by accurate photographic reduc- 
tion with mathomatical exactness, and were then cut 
on wood, impressions from which give a very distinct 
outline. 

Two other series have been added as reading tests, 
— one of Gothic letters, the other of handsomely cut 
Roman type. Both of these are almost perfectly ac- 
curate in their gradations of size, — and correspond, 
the first with the same numbers of Snellen's scale, the 
second with those of Jaeger's test. 

Parallel horizontal and vertical lines, for the deter- 
mination of the presence and direction of astigmatism, 
are included v;ith the other tests. 

The figures placed above each series of letters indi- 
cate the distance, in feet, at which this No, should be 
read by a normal eye. No, XX, for example, should 
be read at twenty feet ; but if this No. can be read 
only at ten feet distance we say V, which expresses 
the acuteness of vision, is equal to |-g- ^ I* If No, 
VI, which sliould be read at six, can be read only 
at two feet, V = | ^ ^. 

Should the patient be unable to distinguish the 
letters at normal distances, we may then proceed to 
ascertain whether the inability depends on abnormal 
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focal power, on opacity of the transparent media, or 
on loss of susceptibility in the nervous structures in 
which lies the faculty of perception. If the deficiency 
arise from the first cause alone, it is corrected by the 
aid of glasses ; if from either of the other two condi- 
tions, we must look to proper remedial measures for 
its cure. 



LIMITATION OF THE VISUAL FIELD. 

We are all aware that we are not only able to dis- 
tinguish objects clearly at a given point, but that we 
have also perception, more or less distinct, of things 
lying within a circle extending to a considerable dis- 
tance around that point. This is termed the field of 
vision, and it is not unfrequently important to learn 
whether it still retains its normal limits. 

This may be dono by placing the patient at the dis- 
tance of a foot from a blackboard or a fraCme in which 
has been placed a sheet of blue tissue or other paper. 
On the centre of this a small cross is marked with 
chalk or pencil, and the patient is directed to fix his 
eye upon this point, the other eye being closed. The 
crayon is now moved over the paper, being carried 
successively upwards, downwards, and to the right 
and left horizontally, marking in each direction the 
extreme limits at which the patient perceives it. The 
same plan is followed for all the intermediate points, 
and the outline thus drawn upon the board or paper 
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shows the limit of the field of visual perception* The 
other eye may then be tested in the same way- 
Visual power may be nearly perfect at a central 
point, as sometimes in glaucomaj while it has become 
extinct to within a small space around this point; or 
it may be preserved over a considerable portion of the 
field upwards or downwards, while wanting in other 
parts, as in cases of separation or apoplexy of the ret- 
ina* These drawings will illustrate the manner in 
which the extent and seat of morbid changes may be 
defined. 



liff. 11. 




The %ure to the nglit exliibita the effect of separation of tte 
retina. The -space occupied by the fluid having utterly lost ita 
perceptive power is represented ii* the circular field of vision by 
a blat^k space^ next to thifl la a limited shaded maLrgin where 
slight perception, perhaps sufficient to distinguish a camlle flames 
remains, and in the rest of the field vision may* be tolerably 
good J so lonj^ as the separation is con fined with it* moderate li(n- 
itn. Similar appearances sometimea foUow the effusion of bliK>df 
in eases of apoplexy of the retina. 

The figure to the left shows a small space in the centre of the 
^d where vision remains distinctT ^ shaded halo marks the 
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limit of imperfect perception, ami bevoad this all b dark. 
Such are the coaditioiis Iband in some cases of glaocoma and in 
the form of choroiditis somedmes termed retinitis pigmentosa. 

The sendbilitT of the retina may be determined in 
cases of cataract, and sometimes in other diseases, bv 
employing candles instead of the point of a crayon. 
One candle, at which he is to look* is to be placed be- 
fore the patient's eye at the distance of a foot, while 
another is moved before his eye, at the same distance 
from it, and the limits noted beyond which he no 
longer perceives the flame. This is of importance 
where there is reason to suspect that other and more 
serious disease may exist behind the lenticular opacity. 

The question whether or not there be limitation 
may be rapidly tested, by directing the patient to look 
steadily at the surgeon's nose while it is ascertained 
whether he sees the hand moved in difierent positions 
before his eye within the usual lateral range of vision. 

Should any limitation be thus detected, its precise 
amount and seat may be determined as above de- 
scribed if it be thought important. 



INSTRUMENTS DEMONSTRATING THE AC- 
COMMODATIVE FUNCTIONS. 

Very ingenious pieces of apparatus have been de- 
vised for demonstrating that the power possessed by 
the eye of accommodating itself to objects at various 
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distances^ is exercised by means of an increase of con- 
vexity in the surfaces of tbe crystalline l6ns ; and 
others for measuring the range and latitude of accom- 
modation. 

These will be again referred to. It may now suf- 
fice to say, that the demonstration afforded by them is 
" ocular," in more senses than one, and leaves nothing 
to be desired. 



NEW THERArEUTIC AGENTS- 

OxE substance of exceptional properties and uaes^ 
Calabar Bean, Phymstigma Vmennmm^ deserves spe- 
cial mention. In his work on Diseases of the Eye, 
published no longer ago than 1861, M. S tell wag von 
Carlon^ of Yienna, one of the most distinguished 
of the German oculists, says, ** We possess no means 
of effecting eontraetion of the pnpiL" Even then, 
experiments were in progress which were to endow us 
with tbis in%^aluable acquisition. 

It is to Drs, Frazer and Robertson of Edinburgh 
that we are indebted for the introduction of the Gala- 
bar Bean into our materia medica ; Dr. Frazer having 
first announced, in his inaugural thesis, its power of 
contracting the pupil, and Dr, Robertson having ex- 
perimented upon its practical uses and brought it 
prominently to the notice of the profession. 

Hitherto it had been regarded as an object of curi- 
osity merely, haviug been sent to Europe by mission- 

2* O 
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aries residing on the Calabar coast, as an article em- 
ployed by the natives for purposes of ordeal, as a test 
of the guilt or innocence of accused persons. Eaten 
in any considerable quantity it has active poisonous 
properties, and if not ejected by vomiting, causes 
speedy death. More than sixty children, one at least 
of whom died, were recently poisoned at Liverpool, 
from having picked up and eaten some of the beans 
which had been thrown out with rubbish from the 
hold of a vessel. The bean is about an inch in length, 
and covered with a hard, brownish husk or envelope. 
Its alkaloid or active principle not having been yet 
extracted in any quantity, if at all, the alcoholic ex- 
tract, rubbed up and diluted with glycerine or syrup, 
— or paper which has been dipped into a solution of 
the extract, — are the forms in which the remedy is 
obtainable for medical use. 

A very minute quantity of the diluted extract ap- 
plied to the conjunctiva, causes extreme contraction 
of the pupil in about fifteen minutes ; and this appar- 
ently continues as long as the dilatation produced by 
an equal amount of extract of belladonna, though, as 
of course we might expect, its influence is counter- 
acted by a small quantity of atropia, which is a so 
much more concentrated preparation. 

Besides its action upon the pupil, it affects the ac- 
commodative power and renders a person temporarily 
myopic, — in all these respects apparently acting as 
the antagonist of belladonna. On account of the 
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small number of rays which can pass through the 
diminished pupil j the perception of objects is rendered 
somewhat indistinct, as if seen at twilight- 
Its application to the eye is sometimes followed hy 
sliglit dull pain in the globe or the supra-orbital re- 
gion, but this is usually of brief duration. 

This welcome remedy is to be of great service in 
the treatment of mydriasis, — in hernia of the iris 
occurring near the margin of the cornea, — and in the 
management of some of the disturbances of the fac* 
ulty of accommodation. The limited experience aU 
lowed hy its recent introduction has already proved its 
great value in cases which seemed amenable to no 
other treatment. 



ANAESTHETICS. 

It has been the good fortune of the younger men 
of the present generation of physicians to receive the 
boon conferi^ed on surgery by the mtroduction of 
ansesthetics* 

In their application to operations on the eye tliese 
agents have been of incalculable benefit* Many of 
these operations, as, for instance, exeision of staphy- 
loma, or removal of a part or the whole of the globe 
itself, are exceedingly painfiil ; many, w^hich involve 
less actual suffering, appear formidable to the patient, 
because he thinks the eye so sensitive. 

In many other operations, delicate rather than pain- 
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anaesthesia becomes yet more important. It allows of 
the upper section being made, which, though some- 
what more difficult than the lower, is the only one 
properly admissible, especially in these methods, — ob- 
viates all danger of too great separation of the iris by 
any sudden rotation of the globe, — and, if out-scoop- 
ing be resorted to, renders the iris less liable to be 
contused by the spoon. 

The operation by suction is also much facilitated by 
previously rendering the patient unconscious and his 
eye passive by etherization, the danger of contusing 
the iris or penetrating the vitreous being thus 
avoided. 



TENSION OF THE EYEBALL. 

The fact that in some internal diseases of the eye 
its tension is augmented by the increase of its con- 
tained fluids is one of the most important of the re- 
cent observations in ophthalmic science. It had lono- 
been known that in advanced stages of glaucoma the 
eye felt hard to the touch ; but it is only lately that 
we have' learned to recognize increase of tension as an 
early symptom, and to mark this condition as an im- 
portant indication for prompt treatment. 

The degree of tension may be estimated by placing 
the forefinger or the first and second fingers upon the 
closed upper lid, and making gentle pressure upon the 
globe. One eye may thus be compared with the 
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ather, and the surgeon makes a mental estimate of 
com|>arisoii with the normal standard as felt in a 
healthy eye. Or tlie first finger of oach hand may 
be phiced upon the lid at different points, and press- 
ure made from one finger towards the other. Prac- 
tice will soon teach the surgeon to recognize at once, 
by either of these methods, any abnormal increase or 
diminution of tension. 

Mr. Bowman ha^ advised the adoption of a scale 
of three degrees of plus (-J-) tension, where the eye 
is harder than in a healthy condition, and three de- 
grees of minus ( — ) tension, where it is solier than 
the normal standard* 



PARACENTESIS OF THE CORNEA. 



p0KCTURE of the cornea for the evacuation of the 
aqueous Immor is by no means a new procedure, but 
it lias within a few years been much extended in its 
applicatiotis, having been vaunted as a cure not only 
for ulcerations of the cornea^ iritis, and all deep-seated 
inflammations of the eye^ but also far cataract. It is 
claimed that absorption of the latter may be effected 
by persevering repetitions of this slight operation ; but 
as success is said to be attained only after daily evac- 
uation of the aqueous for a period of weeks or months, 
it would require iii con testable evidence of good conse- 
quences to lead one to attempt its dispersion by such 
a method* There seems to be no doubt that an ap- 
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parent temporary gain may take place, whether, as is 
asserted, from relief of choroidal congestion, or from 
some other cause, it is difficult to determine ; but the 
plan requires more testimony in its favor before it can 
be accepted as a reliable curative means. There can 
be no doubt, however, of its advantages in relieving 
some forms of internal inflammation, and it deserves 
to \ye more frequently resorted to, especially in iritis. 

The puncture may be made with a catamct needle, 
or, still better, with a guarded needle devised for this 
purpose by Desmarres. After evacuation, the ante- 
rior chamber refills in a few moments, and it is well 
to empty it a second time by pressing upon wie edge 
of the wound with an Anel's probe. If it be desired 
to repeat the operation the next day, the wound may 
usually be reopened with the probe, without resorting 
to a sharp instrument; though there is no objection 
fo a second puncture if the first be not readily 
found. 

IRIDECTOMY. 

Among the operations long practised by ophthalmic 
surgeons which have been considerably modified in 
the manner of their performance or in their practical 
applications, is that for iridectomy ; and, as it will fre- 
quently be referred to, a brief account of the method 
of doing it in uncomplicated cases is here intro- 
duced. 

Every one must have noticed the extreme tolerance 
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of the iris^ although a very sensitive structure, of la- 
cerations of ita tissue in the formation of an artificial 
pnpil. But to Von Graefe of Berlin belongs the 
credit of extending and generalizing the uses of this 
surgical remedy for the relief of other aftections tlian 
those merely depending on closure of the pupil, to 
whicli its application was formerly restricted. He has 
also indicated a certain method of performiiig it, as 
being important, in his judgment, to its full success. 
His opinions as to these points have been to a great 
extent adopted by most of the distinguished oculists 
of other countries. 

If the surgeon undertakes this operation without an 
assistant, he should be provided with a spring eleva- 
tor, by which the lids are held Qpart^ leaving both his 
hands free, and also with a bent triangular knife, a 
very delicate curved, toothed forceps, and fine scissors 
slightly rounded at their points. Should he have an 
assistant who can be relied on^ the latter may assume 
the charge of one of the eyelids, and, if desired by 
the surgeon, may also control the eyeball and turn it 
in any direction by seizing a fold of the conjunctiva 
with another forceps. Etherization is not imperatively 
necessary, unless the patient is young or very timid, 
as the pain of the operation is not of any great sever- 
ity J but the pain is of such a character, from the 
tearing of the ciliary nen^es, that there is danger of a 
sudden movement of the globe, causing a too large 
separation of the iris, if the eye he not firmly held. 
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The induction of anaesthesia is therefore oftentimes 
advisable, as it allows of the operation being done 
with greater deliberation and delicacy, and of the por- 
tion of iris removed being accurately calculated. 

When this operation is done for the relief of glau- 
coma, or in cases where no special reason exists for 
the selection of some other part of the iris, it should 
be performed upwards, in order that the space thus 
added to the natural pupil may be covered by the 
upper lid in the ordinary positions of the eye. This 
is important for cosmetic reasons, as well as to avoid 
the dazzling caused by an excessive influx of light 
into the eye, and has been too little regarded. 

An incision, three or four lines in length, is made 
with the bent lance-shaped knife, through the scle- 
rotica, just beyond the margin of the cornea and close 
to the insertion of the iris, thus entering the anterior 
chamber at its extreme border. The knife makes its 
incision by being simply pushed onward, and should 
the iris and crystalline have been crowded foi'ward by 
pressure of the vitreous, care will be necessary to 
keep the point of the knife well towards the inner 
surface of the cornea, to avoid wounding the capsule 
of the lens and causing traumatic cataract. As the 
knife is withdrawn, the iris, if free from adhesions, 
frequently follows it as the aqueous humor flows out, 
and forms a slight hernia through the wound. If this 
occur, the iris may be immediately seized by the for- 
ceps, but should it not prolapse the forceps must be 
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carefully introduced through the wound and the iris 
taken hold of near the margin of the pupil. Being 
drawn out a little way, a cut is mado with the scissors 
in the direction of the radiating fibi^es of the iris, at a 
point corresponding with one of the extremities of 
the incision of the cornea ; the iris is then torn away 
fi'om its ciliary attachments by slight traction with 
tlie forceps, and the flap snipped off with scissors at 
the other extremity of the incision, thus leaving, of 
course, a loss of substance in the iris corresponding in 
ahe with the length of the corneal woundj or less than 
this if the surgeon prefers to remove a smaller por- 
tion. 

Should much hlood he effused from the torn vessels 
into the anterior chamber, it may be evacuated by 
gentle pressure with the forceps against the posterior 
edge of the wound ; or, if slight in quantity, or not 
readily discharged, it may safely be left in the eye, to 
he dissolved and absorbed as the anterior chamber 
becomes refiiled- 

Professor Von Graefe insists on the importanco of 
removing a segment of the iris to its very border, — 
se palpating it from its eihary attachments ; as he re- 
gards the mere removal of a portion of the iris tissue, 
unless carried to its extreme margin, insufficient to 
insure a good result in cases of glaucoma and irido" 
choroiditis. This is certainly not always requisite to 
com][>lete success ; yet it may bo well to carry the loss 
of substance as far as the ciliary attachments, since 
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there is reason to believe that neurosis of the ciliary 
branches may be the initial point of glaucomatous 
disease. 

Iridectomy may be regarded as involving almost no 
risk of injury to the eye, if done with proper care and 
delicacy, — the iris tolerating in a remarkable degree 
any violence of this'kind, and it is unnecessary to sub- 
ject a patient to long confinement and severe after- 
treatment. 

IRIDDESIS. 

There are certain cases where, either on account of 
central opacity of the cornea, conicity of its form, or 
extensive adhesions of the iris to the capsule of the 
lens, it is desirable to displace the pupil, so as lo ren- 
der it available for vision, while at the same time the 
conditions which render the natural opening superior 
to an artificial pupil are preserv^ed as perfectly as pos- 
sible. This object is attained by an operation termed 
iriddesis, devised by Mr. Critchett of London. 

This operation consists in making and maintaining 
traction of a portion of the iris fibres in such a direc- 
tion as to give to the natural pupil the wished-for 
position, instead of forming a new pupil or enlarging 
the previously existing one by a loss of substance of 
the iris. The object is accomplished by including a 
portion of the iris in a ligature, and keeping it in con- 
tact with the external coats of the eye until adhesion 
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has taken place between the two tissues. As perfect 
quiet on the part of the patient is very clesirahle, anes- 
thesia sliould be induced preliminary to the operation , 

A puncture is made through the sclerotica at the 
extreme edge of the anterior chamber , with a broad 
needle. A loop of fine silk being laid upon the eye- 
bait, aurronnding this puncture, the canula forceps is 
introduced, the iris seized near its ciliary margin, and 
drawn out ttn'ough the wound. An assistant now 
takes hold of the two ends of the loop with two pairs 
of forceps, and ties it, including that portion of iris 
held in the grasp of the instrument. In two or three 
days the ligature, with the minute strangulated por- 
tion of the iris, fixlls, or may be removed, and t!ie 
wound has been so small that the eye has usually 
almost perfectly recovered, even in this brief period- 

A greater or less amount of displacement may bo 
obtained, according a.s more or less of the iris is drawn 
out and included in the ligature ; or, if necessary, two 
or more operations may be successively done, at differ- 
ent sides of the pupil, to give to it the desired form 
and size* 

The noose of silk is not essential in this operation, 
as, if the wound be not too large, the iris will remain 
strangulated in it. But the use of the ligature leads 
to a quicker separation of the extruded bit of iris, and 
is therefore generally to be preferred* 

The safety of this operation and the quick recovery 
of the patients, are most important arguments in ita 
favor. 
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CORELYSIS. 

A WELi;-KNOWN consequence of neglected iritis is 
the formation of more or less extensive adhesions be- 
tween the margin of the pupil and the surface of the 
crystalline lens. 

Similar adhesions of the iris to the inner surface of 
the cornea may result from ulceration or wound. 

Formerly it was not the practice to interfere with 
these adhesions, except when they were of such ex- 
tent as greatly to impair vision. More recently, they 
Lave been regarded as a cause of recurrent iritis in 
eyes where they exist. To detach these adhesions, 
Mr. Streatfeild of London has proposed a method of 
operating, named by him corelysis, or pupil opening, 
which is well adapted to take the place, in a certain 
number of instances, of iridectomy, w^hich had been 
strongly advocated in these circumstances by Von 
Graefe. 

The only instruments required are a broad needle, 
and a fine spatula and hook mounted on the same 
handle. These instruments should be of flexible met- 
al, so that they may be bent to any curve which may 
adapt them to different forms and situations of adhe- 
sion. Absolute quiet should be insured by the ad- 
ministration of ether. 
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A puncture ia made with tlie needle, usually at a 
point of the cornea opposite to the principal adhe- 
sions, and the spatula or hook is introduced^ if possi- 
ble, witiiout the escape of the aqueous humor. It ia 
then to be passed carefully behind the adhesions, the 
end of the instrument being kept as much as possible 
towards the iris, so as to avoid risk of woundiasc the 
capsule of the lens. 

The adhesions are then separated by slight lateral 
or tractile movements. After the operation, the iris 
should be put under the influence of atropia, to avoid 
rc-formation of synechiee. 

In eases where the adhesions are of limited e^ctent, 
and even where the pupil is occluded by false mem- 
brane, if merely its margin has become attached, this 
operation will compare favorably with iridectomy ; as 
by its means the normal central opening is re-estab- 
lished^ leaving, perhaps, a certain amount of deposit 
upon the capsule of the lens, but placing the e)^e in 
more favorable conditions than when iridectomy has 
been done, inasmuch m the normal movements of 
dilatation and contraction of the pupil are preserved. 
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DISEASES ORIGINATING IN MORBID CONDI- 
TIONS OF THE SYSTEM. 

Much new information has been gained in regard 
to certain forms of disease, manifested in the eye, but 
depending on causes existing in the general constitu- 
tion of the patient. These mutual dependencies of 
disease have great interest, not only as fiwts in oph- 
thalmic science, but for the general practitioner, and 
instances often occur where an acquaintance with 
their phenomena proves of the greatest advantage in 
rendering the diagnosis of various affections more cer- 
tain, and treatment more sure. 

EXOPHTHALMOS WITH ANJIMIA. 

Apart from those cases where protrusion of the 
eyeball may be produced by direct causes, such as 
aneurismal or other tumors of the orbit, paralysis of 
the motor muscles, &c., it occurs as a temporary 
symptom in some patients, simultaneously with en- 
largement of the thyroid gland and with disease of 
the heart. 

The coexistence of these conditions has been so 
often observed that there can be no doubt of their 
mutual relationship. 
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This affection presents so fonnidable an aspect as 
to be startling and repulsive at first sight. Bat it h 
important to reeognixe its true character, that we may 
be able to reassure the patient as to the prognosis, and 
to instttate a treatment which will insure its removal 
within a comparatively brief period. The symptoms 
subside under the use of tonit^s, without the necessity, 
as a rule, of a resort to local means. 



HEMERALOPIA. 

The connection of night-blindness with scorbutic 
conditions of the system, and the necessity for tonic 
general treatment, as well as of avoidance of its ex- 
citing causes (of whicli the principal is a long-contin- 
ued exposure to a glare of light to which the eyes 
have not been accustomed), was clearly established by 
observations made by English and French army sur- 
geons during the Crimean campaigns* The subject 
lias been interesting to our own army medical staff, as 
the affection has been of frequent occurrence at sta- 
tions in the extreme Southern States. 

A surgeon of the garrison at Strasbiirg in France 
has pro[>osed what he claims to be a speedy and effect- 
ual method of cure, — by confining the patients in an 
entirely dark room for a considerable number of 
hours, — not allowing light to enter even for an 
instant. 

The eyes thus being left in complete repose, appear 



60 RECENT ADVANCES IN OPHTHALMIC SCIENCE. 

to recover their tone and functions, and relapses are, 
as he asserts, quite rare after the seclusion has once 
been of sufficient duration. From this officer's account 
of his success, the method would seem to be pecu- 
liarly adapted to the exigencies of army service. Ton- 
ics and anti-scorbutics should, however, be liberally 
given as a security against relapse. An accompUshed 
surgeon of our army informs me that a limited trial 
of the above system of seclusion did not give him the 
hoped-for results. He found no treatment effectual 
except removal of the men from seaboard stations, 
where they were exposed to glare from white sand, to 
posts in the interior. The men of his command be- 
lieved raw liver of great advantage in relieving the 
attacks. 



RENAL DISEASE AS SEEN IN THE EYE. 

Nothing could once have seemed more marvellous 
than that we should seek in the eye a diagnosis of dis- 
ease of the kidney. Yet modern observations have 
ftirnished us with two most interesting examples of 
simultaneous pathological changes, in the connection 
which has been discovered between Bright's disease 
and certain alterations in the retina, — and between 
diabetes and one form of cataract. 
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It is no less true t!mn remarkable that we are able^ 
by means of the ophthalmoscope alone, to diagnosti- 
cate this disease of the kidney, A patient presents 
himself complaining of gradual loss of sight, but 
whose eyes present externally every appearance of 
health. On examination with the ophthalmoscope, 
the optic papilla and retina are seen to exhibit marked 
structural changes, peculiar to and characteristic of 
this disease* 

A slightly grayish opacity is visible in the optic 
nerve and over the retinal siii'face, with a marked 
alteration around the papilla and in the region of the 
macula lutca. This consists in a radiated whitish ap- 
pearance of tlie retina, which would seem to have 
undergone transformation . Small spots of e^trava- 
sated blood are sometimes observed here and there in 
the retina. 

Post-mortem appearances indicate that the retina 
has become thickened and intlumted by fatty and 
other deposits. Changes may also have taken place 
in tlie choroid and in the vitreous humor. 

In a more advanced stage, the white degeneration 
of the retina is sometimes replaced by atrophy. 

As we can never determine what may prove to be 
the value of a new pathological fact, the phenomena 
above described may, in the future, throw much light 
on the causes and progress of the yet more gmve 
lesion with which they seem to be associated. 
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CATARACT IN DUBETES. 

The existence of cataract in diabetic patients has 
been from time to time noticed by different observers, 
and is now admitted to be more than a mere coinci- 
dence, and of very frequent occurrence. Generally 
it is developed only at a late period of the renal 
disease. 

These facts have assumed a new interest since the 
experiments of Dr. Mitchell of Philadelphia on the 
artificial production of cataract in frogs by injection 
of solutions of sugar into the sub-cutaneons cellular 
tissue of these animals, — and the subsequent gradual 
disappearance of the opacity of the lens, in a portion 
of the cases. We cannot but hope that further ex- 
periment and observation may throw light upon the 
pathology of cataract, and possibly guide us in discov- 
ering some means of preventing or removing it, other 
than by surgical interference. 

SEQUELS OF DIPHTHERIA. 

Among the various forms of paralysis which some- 
times follow diphtheria, we observe a loss of the power 
of accommodation of the eyes; so that patients are 
unable to use them for reading or other purposes re- 
quiring close application. 

The loss of accommodation is usually accompanied 
by dilatation of the pupil. 
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This affection is not to Le confounded with diphtlie*, 
ritic inflammation of tim eye, which will be elsewhere 
spoken of. 

As sequela! of diseases of this type often gradually 
disappear with the complete restoration of strength 
and health, it is difficult to determine the value of spe- 
cific remedies. But much apparent benefit has been 
obtained from the application to the conjunctiva of the 
extract of Calabar bean, by which the pupil is con- 
tracted and the ciliary mnsclo pei*hap3 excited to 
action. Tonic general treatment should be at the 
same time employed. 



milERITED SYPHILIS. 

One of the most interesting and important among 
the modem contributions to ophthalmic science is 
found in the results of the observations of Mr* Hatch- 
inson, of London, in regard to the morbid conditions 
of the eye due to the influence of cdngenhal syphilis. 
Cases of syphilitic iritis in infiuits had been recorded 
by authors; but other and more frequent affections, 
of which those of the cornea foi'm a large proportion, 
— although observed and described, — were not at^ 
tribnted to their proper source, but had been regarded 
las of strumous origin. 

Mr. Hutchinson pointed out the relations of these 
several affections to one another and to tlie general 
diathesis, and traced with a master hand various 
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cates the affection, or traces of its having occurred 
during infancy can he detected if sought for. 

It is the rule that the disease affects in tnm the two 
eyes, — the second being perhaps attacked whilst the 
first is recovering. 

All cases of sluggish keratitis of this diiiused char- 
acter, occurring in subjects from six to eighteen years 
of age and unattended by ulceration or by much pain 
or photophobia, should be viewed with suspicion, and 
inquiry made, if possible, as to the antecedents of the. 
parents, and the, family history. If the child had, 
during its infancy, any syphilitic symptoms, in the eye 
or elsewhere, — if the mother has had still-bom chil- 
dren or such as had but a puny and brief existence, — 
if others of the brothers and sisters have suffered from 
similar affections, — it would be desirable to ascertain 
if either parent has had symptoms of constitutional 
syphilis. 

But we are not compelled to rely solely on this 
knowledge for corroborative evidence, however satis- 
factory it may be thus to obtain it. In most instan- 
ces, we .find in the patient other diagnostic marks, 
which serve as so many manifestations of a pervading 
infection. The most distinctive of these are found in 
the condition of the teeth and the skin. As Mr. 
Hutchinson has well pointed out, the central incisors 
of the second dentition have a peculiar crescentic 
notch at their lower margins, and the lateral incisors 
and canines, as well as the molars, are often small. 
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peg-shaped J and with tubercular promiuences upon 
their surface. They are perliaps also irregularly set 
in the jaw, and of bad color or prematurely de- 
cayed. 

The following plates show these abnormal appear- 
ances as exhibited in three cases now under mj obser- 
vation. 

mg, u. Jig. 13. 




mm^* 



Figarea 12 and 13 show the con- 
dition of tlie teeth in a boy and i^irl 
aged aljout twelve and fourteen* In 
fi^re 14, from a girl of seventeen, the 
notched appearance has already be- 
ome lisssened by wear of the teeth. 



The skin is coarse and sallow, often pitted in a sin- 
gular manner, — the bridge of the nose usually broad 
and sunken, — there are cicatrices of fissures at the 
angles of the mouth, — and the lips are tluck and 
misshaiien* 

As in the acquired syphilis of adults, the choroid 
and retina, as well as the iris, are sometimes impli- 
cated, generally simultaneously with the corneal affec- 
tion, and effusions occur in those parts, especially in 
the choroid. This fact should be borne in mind when 
3* 
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treating this affection, as the opacity of the cornea 
frequently makes it impossible to examine the fundus 
of the eye with the ophthalmoscope. 

Mr. Hutchinson has advised, — and in this he is 
sustained by other authorities, — a combination of 
tonic with mild mercurial treatment, — the patient be- 
ing usually in a cachectic condition. The prognosis 
is generally favorable, — the tissues, if not too deeply 
implicated, slowly regaining their normal condition. 
Even where softening had become exceedingly marked, 
with a tension of — 3 degrees, I have seen recoverj'- 
take place. We may, therefore, if well satisfied of 
the correctness of our diagnosis, confidently reassure 
the patient, even when, from the increasing dimness 
of vision, the future seems to him very hopeless. But 
in some cases, of more than average severity, the 
clearness of the central part of ther cornea is not 
restored till after a period of years. 

SYPmLITIC DISEASE OF THE RETINA IN ADULTS. 

Changes characteristic of this diathesis are some- 
times observed in the retina in conjunction with syph- 
ilitic iritis, and they may occur independently of this. 
Under the ophthalmoscope the retina shows a very- 
slight diffiised, clouded appearance, as if infiltrated, — 
or sometimes so considerable a change that the outline 
of the optic disc cannot be distinguished from the 
surrounding parts, together with, in most cases, waxy- 
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looking opacities extending irregularly outwards fipom 
tlie regions of the optic disc and the macula lutea. 
These differ materially from the strongly-defined alter- 
ations of color and structure observed in Bright^s dis- 
ease. Spots of hemorrhagic effusion are also now 
and then to be noticed* Little or no pain is com- 
plained of. The morbid appearances are usually 
amenable to treatment, and vision may be in a good 
measure or even fiilly restored in patients whose 
symptoms had reached an extreme degree. Other 
eases, however, are less tractable, and where the con- 
stitution is utterly broken by the syphilitic cachexia 
curative means are sometimes unavailing to arrest the 
disease before the sight has undergone irreparable 
injury- 

As in congenital sypliiUs of the eye, the best treat- 
ment of these cases is a combination of tonic and spe- 
cific measures* Among the latter, mercurial inunc- 
tion seems to deserve prominence. 

From the tendency to plastic effusions, it is gener- 
ally desirable to make use of atropia to dilate the pu- 
pil, if any implication of the iris should be obser\'ed 
during the coui'se of the retinal affection. 
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of irritation is situated in the ciliary region, in which 
case excision of the anterior half of the eye may pos- 
sibly suffice ;) as its presence constitutes an insidious 
source of mischief to the other eye, which no remedies 
can counteract. This proposition is startling to the 
patient, — who is reluctant to believe that an eye 
which has been injured months, or even years pre- 
viously, and which, perhaps, at the time, is free from 
morbid phenomena, can be the cause of symptoms 
which appear to him of trivial importance. But it 
cannot be too gravely and imperatively insisted on, for 
delay annuls the chances of success, and the patient, 
forced at last by his increasing blindness to consent to 
any measure proposed for his relief, finds the means 
which, earlier employed, might have saved his eye, 
wholly unavailing. 

Care should, however, be used not to hastily sacri- 
fice every eye which has suffered a considerable in- 
jury, even when the ciliary region is involved, as such 
an irreparable loss must not be needlessly inflicted. 

Should the second eye exhibit much congestion or 
other change in the internal parts on ophthalmoscopic 
examination, it may be necessary, after the removal 
of the injured eye, to resort to local depletion fix)m 
the temple, near the remaining eye, by means of 
leeches or Heurteloupe's instrument, and to employ 
such general treatment by derivation or otherwise as 
may seem adapted to the relief of the local condition. 
Should the symptoms continue, iridectomy would be 
indicated. 
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ENUCLEATION OF THE EYEBALL. 



Ab performed before the days of anaesthetics, tlie 
removal of the eyeball was a truly formiJaLle pro- 
cedut'e. Now, and especially in the improved mode 
of doing it^ the operation may be regarded as one of 
tlie most tnviah 

The conjunctiva is divided, close to the edge of the 
cornea, on tlie side towards the inner can thus, and 
one or two of the recti-musclea are cut. Curved scis- 
sors are then carried behind the globe, and the optic 
nerve severed ; after which the eye may be turned 
out of its socket and the remaining muscles and por- 
tion of conjunctiva cut away, close to the globe. The 
eyeball only is thus removed, leaving the fibrous cap- 
sule in which it revolves, wnth its muscular attach- 
ments, to form a sort of stump or cushion for tlie sup* 
port of an artificial eye. The hemorrhage which 
ensues may be readily controlled by placing a piece 
of sponge in the orbital cavity and applying com- 
presses and a bandage. 

After twenty-four hours these dressings may be re- 
moved, and cold wet compresses applied for a day or 
two longer, at the end of which time recovery is com- 
plete or nearly so* 
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GLAUCOMA: ITS TREATMENT BY 
IRIDECTOMY. 

To have devised an efficient remedy for a hitherU 
incurable disease is certainly no mean achievement 
Such was the happy fortune of Professor Von Graefe, 
in applying the operation of iridectomy to the cnre of 
glaucoma. 

The subject is of such importance, the diagnosis 
of this aflFection, in its early stages at least, is yet s€ 
ill understood by the majority of general practition- 
ers, and the necessity for prompt interference is so 
urgent, that an account of the characteristic features 
of the disease will not be out of place in this con- 
nection. 

Since the invention of the ophtlialmoscope all the 
phenomena of this disease have been examined de 
novo^ and we now know that the appearances, espe- 
cially the sea-green opacity of the pupil, which for- 
merly constituted our sole means of recognizing and 
gave a name to the affection, are but symptoms of a 
far advanced stage of the malady. 

Those attacked are usually beyond middle age, and 
a large proportion are females who have passed the 
critical period of life. 

Deterioration of the general health, especially when 
combined with the depressing influences of fatigue 
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from watching with sick frienck or grief at their loss> 
appears to be frequently a predisposing cause. But 
the disease may exceptionally occur in those whose 
health is unimpaired and who have endured no men- 
tal anxiety. It is also in some cases hereditary. 

Both eyes are usually attacked, at an interval which 
varies from a few days to as many years. The friends 
of a patient in whom one eye has been affected 
should therefore be warned to lose no time before ap* 
[jlying for aid, should any symptoms, however sliglit, 
declare themselves in the other eye. But this warn- 
ing should not be expressed to the patient, as it would 
but serve to fix the attention upon the eye and possi- 
bly might predispose to an attack. Even a necessity 
for a rapid increase in the power of spectacles, if such 
are worn, should not be allowed to pass unquestioned, 
as this is one of the premonitory symptoms. If ac- 
companied by appearances of rainbow colors around a 
lamp, or flashes of light within the eye, and, espe- 
cially, if the patient complain of occasional transient 
attacks of indistinctness of sight, it should induce fur- 
ther inquiiy, to ascertain if tension of the globe, in 
any abnormal degree, is present, — or if limitation 
has taken place in the field of vision* 

Should these symptoms be overlooked or nnder- 
vahied, tlie patient's vision may, in clu'onic cases, be 
gradually lost, if only one eye be affected, without the 
occurrence of any severe pain, or injection of the ex- 
ternal vessels, to call attention to the eve. If, on 
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examination by the touch, the eye gives to the finger 
a sensation of increased resistance, indicating abnor- 
mal tension, it should be examined with the ophthal- 
moscope, to determine if further evidence of intra- 
ocular pressure is to be found in a cupped condition 
of the optic nerve. 

The advantages of iridectomy are not, it is true, as 
marked in the chronic as in the acute form of glau- 
coma, — and frequently, especially if the symptoms 
have been of any considerable duration, the most 
which can be hoped for is to prevent further lessen- 
ing of the patient's vision ; but if, with this result, he 
can hope for greater security from attack in the other 
eye, as there is some reason for believing, the surgeon 
is fully justified in advising an operation which in- 
volves almost no risk, pain, or loss of time. 

After a longer or shorter duration of the more pas- 
sive morbid processes, a sudden explosion of violent 
symptoms may occur, and the case assumes the char- 
acters of acute glaucoma. Here the performance of 
iridectomy is urgently demanded, not only to preserve 
if possible any visual power which may yet remain, 
but to relieve the intense suffering. 

The onset of acute glaucoma is as overpowering as 
the invasion of its chronic form is insidious. In- 
stantly, in some cases, severe pain is felt in the eye, 
which augments till it becomes agony. It extends to 
the supra-orbital region, and even affects the brain. 
Frequently it causes sympathetic disturbance of the 
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Stomach, with intense nausea and vomiting. Exarai- 
nation of the eye shows a varicose turgescence of the 
sub-conjunctival vessels, with perhaps more or less cir- 
euni -corneal injection, a bluish tint in the sclerotica, 
and a certain amount of chemosis. The cornea has a 
dull aspect, and has lost its sensibility, so that it may 
he touched witliout giving pain* The h'is is evidently 
crowded forward, rendering the anterior chamber shal- 
low, and the pupil is expanded, by pressure of the 
lens. The pupil does not contract under the influ- 
ence of light, and its field is muddy^ allowing a less 
distinct view of the fundus than can be had in a 
healthy eye. Often the fundus cannot be made out 
with the ophthalmoscope. If seen, the optic disc is 
observed to be pushed backwards by the distending 
fluids of the globe, and the retinal vessels follow this 
altered direction of its surface, emerging from it as if 
passing over the edge of a cup ; tlieir continuity ap- 
pearing broken. 

Pulsation of the retinal arteries and a beaded vari- 
cose enlargement of the veins, may in some instances 
be observed, showing the obstruction which exists to a 
fi-ee circulation within them* 

Greater or loss changes in the choroid or retina 
may also be present. The eyeball is of almost stony 
hardness to the touch, especially after the symptoms 
have been of some little duration. 

If objects continue to be perceived, they appear 
white or as if seen through a fog. 
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Unhappily there are too many eases where the 
disease is not at first recognized; the severe pain 
and loss of vision being attributed to neuralgia, and 
the other evidences of disease in the eyeball bein^^ 
quite overlooked, since they are not so marked as to 
attract attention unless carefully observed. It is thus 
only at an advanced period of the disease, when hope- 
lessly irreparable transformations have taken place, 
that it is discovered that something is wrong in the 
appearance of the eye, and the case is referred for con- 
sultation to a practitioner of experience in ocular dis- 
eases. The cornea is now still more dim, and its epi- 
thelial layer is sometimes raised as if vesicated. The 
pupil has become so widely dilated that the iris, 
atrophied and disorganized, forms merely a thin and 
narrow ring. The lens presses so far forwards as 
nearly to obliterate the anterior chamber, and has 
become opaque and acquired a dirty sea-green color. 
The deeper parts of tlie eye can no longer be ex- 
plored with the ophthalmoscope. Externally, the 
sclerotica has a thinned bluisli look, and several large 
vessels run between it and the conjunctiva, anastamo- 
sing around the cornea. The excessive hardness of 
the globe, as if a marble were under the eyelid, con- 
tinues in most cases ; but the intense suffering accom- 
panying the period of active distension is now, per- 
haps, abated, — the nerves having as it were adapted 
themselves to their altered conditions of tension. 

In some instances, however, pain still lingers to 
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sucli a degree that iridectomy and extraction of the 
lens are demanded for the patient's comfort ; though 
of course without hope of restoring vision where all 
perception of light has been for some time lost* 

Tliti best explanation Iiitherto given of the origin and 
conrse of this mysterioua disease, is that of Professor 
Ponders of Utrecht, who helieves it to have its source 
in an irritation of the ciliary nerves, which preside over 
the secretion of the vitreous humor. In consequence 
of this neurosis the vitreous becomes increased, and tins 
augmentation, by producing general distension of the 
globe, presses upon tlie nervons filaments and adds to 
the ah'eady existing derangement of their functions. 
The morbid phenomena thus act and react upon each 
other, and the disease goes on from bad to worse. 
Tliis theory also well explains the mode in which re- 
lief may be affi;*rded by the operation of iridectomy. 
Excision of a portion of the iris as far as its ciliary 
attachments, attended as it necessarily is by evacua- 
tion of the aqueous humor and a certain amount of 
depletion from the torn vessels, may act in two ways : 
by directly reducing the intra-oeular pressui*e, and by 
lessening the tension and irritability of the ciliary 
nerves and favoring a restoration of their normal 
action. That the last of these efFeets is that of chief 
remedial importance is proved by the fact that mere 
evacuation of the aqueous, though several times n> 
peated, seems to be almost without influence on the 
course of the symptoms. But, whatever theory may 
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be entertained as to the cause of the disease, or the 
modus operandi of the operation which relieves it, we 
have the gratifying assurance of possessing in iridec- 
tomy a safe and effectual cure, the value of which 
has become so rapidly and so generally acknowledged, 
as, within a few years of its first performance, to have 
nearly superseded all other treatment, medical or 
surgical, of this disease. The means formerly em- 
ployed were conceded to be powerless to control this 
formidable affection ; and another proposed operation, 
section of fibres of the ciliary muscle, has failed of 
acceptance, to any extent beyond the immediate circle ' 
of its origin. I refer to my previous description for 
the details of iridectomy, merely remarking here that 
at least a sixth of the iris, generally at its upper por- 
tion, should be excised in glaucoma. 

The prognosis is almost always favorable, in acute 
cases, if seen within a few weeks of the onset of the 
disease, provided too extensive structural alterations 
have not taken place; — even where the pain has 
been intense and little more than a perception of light 
remains. 

Should the organic changes be inconsiderable, suc- 
cess should not be despaired of, even after some 
months' duration of the disease and loss of perception 
of light, — instances of recovery having occurred 
where the conditions where thus unpromising. But 
the progress of pathological change is oftentimes so 
rapid, that no delay is admissible after the diagnosis is 
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once fully made out, — a few days or even a few 
hours frequently changing the entire aspect of the 
case^ and rendering an eye which might with almost 
certainty have heen saved utterly incurable. The 
disease, in these instances^ seems to destroy the vital- 
ity of the organ almost as rapidly and fatally as the 
stroke of lightning extinguishes animal life- As soon, 
therefore, as well-marked symptoms lia%'c fie cl a red 
tliem selves J the operation should be at once urged 
upon the patient. The extreme danger attending 
delay may be represented to him, — and he may be at 
the same time assured that the operation involves no 
risk, and, if done at tlie upper part of the iris, a 
scarcely perceptible deformity ; — while he can bo 
almost sure of inestimable benefit. 

The tunics of the eyeball having been so greatly 
distended, there is, in a few instances, delay in obtain- 
ing union, owing to the bulf]^iug outward of the lips 
of the wound, and the scar, when formed, is at first 
tbin» and has for a time a tendency to give way. But 
this merely protracts without seeming otherwise to in- 
terfere with the restorative process ; though it should 
induce caution as to premature exposure. As a rule, 
however, a few days' confinement to a moderately 
darkened room suffices for cicatrisation of the w^ound. 
The eyes should be bandaged, with moderate com- 
pression, for two or three days at least, hut beyond 
this no local or general treatment is usixally re- 
quired. 
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The intense pain is at once relieved by the opera- 
tion ; but in a few cases a slight amount of pain and 
considerable sensitiveness to li^ht, with a certam degree 
of tenderness on pressure, continues for some days 
subsequently. A wonderful improvement in vision 
is frequently observed within a few hours after the 
operation, even where sight had been apparently ex- 
tinct ; in other cases, the tension of the globe seems to 
be more gradually lessened, and perception is restored 
with corresponding slowness. The full benefit of the 
operation is often reached within two or three weeks ; 
though sometimes a longer interval ipust elapse before 
its attainment. 

The ophthalmoscopic appearances improve rapidlv 
after the first days. The vessels of the retina regain 
their normal position and calibre, and the • cupped 
aspect of the papilla becomes gradually eflPaced. 
Similar changes for the better occur in the other 
parts which had begun to assume unhealthy aspects, 
— the morbid phenomena gradually receding till the 
normal condition is re-estabhshed. 

Usually, convex glasses are required after the oper- 
ation, and sometimes a patient has little near or dis- 
tant vision except by their aid, — even requiring those 
of veiy high power. 
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APOPLEXY OF THE RETINA. 



From the fact that the vitreous mass forms the only 

I support of* one of the surfaces of the retina, we miglit 

anticipate that hemoi^rhagic effusion from the retinal 

vessels would not unfi'uciuentjy happen. Its 



occur- 



rence IS, however, rare* 



It m now and then met with in patients who have 
disease of the heart, or iu whom the menstrual or 
other periodic discharge lias been suppressed, and 
may he seen in some instances wh^re persons have 
had apoplectic attacks from which they have re- 
covered, or may occur iu persons seemingly in good 
health, as a consequence of sudden exertion , 

In some cases, especially those connected with other 
apoplectic manifestations, small ecchymoses, having a 
flame-like appearance, are seen wuth the ophthalmo- 
scope, in difterent parts of the retina j — in other in- 
stances, especially where unusual exertion lias been 
the proximate cause, tlie effusion forms a uniform clot 
spread over a considerable surface. The symptoms 
varyj corresponding with the appearances. Where 
the extravasations are numerous but of small extent, 
vision is diminished, though not lost, throughout the 
entire field ; where, on the contrary^ a single clot has 
been formed^ the other portions of the retina may per- 
form their function, but the patient will be conscious 

4 
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of a dark spot, of greater or less dimensions, in his 
•visual field, so that, in certain directions, objects or 
parts of objects are invisible. 

These effusions may gradually disappear, leaving 
the retinal tissue apparently uninjured and vision per- 
fect ; or some portions of the clot may remain and be- 
come organized, interfering more or less with sight. 

The treatment should be in accordance with the 
presumed cause, — every effort being made to avert 
any fresh outpouring, and to obtain the absorption of 
the blood already extravasated. Local remedies are 
in most cases of less value than derivative and consti- 
tutional measures. 



HYPERJESTHESIA AND AN-^MIA OF THE 
RETINA. 

HYPERiESTHESiA is marked by fulness of the retinal 
circulation, with greatly augmented sensibility to light, 
and is often attended with extreme contraction of the 
pupil. We find it most often in debilitated or hyster- 
ical subjects. 

Tonic general remedies should enter largely into 
the plan of treatment employed, though they are to 
be assisted, at the outset, by moderate local depletion 
and by stimulating pediluvia to relieve the congested 
vessels. The patient should not be allowed to remain 
secluded from the light ; nor, on the other hand, sub- 
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jected to sudden forced exposure, A shade, or deeply 
colored glasses^ or both, may be allowed, until such 
time as their use can be comfortably dispensed with. 

Anaemia of the retinal civcuktion, as also leucocy- 
themia^ cyanosis^ and the fonnatiou of earthy and 
bony deposits in the retina, have been occasionally met 
with, but are rare, Coinplete oblitei'ation of the arte- 
ries and veins proceeding from and returning towards 
the optic disc is sometimes observed, a few white 
lines, like fine threads, only remaining to indicate the 
situation once occupied by the vessels. 



SEPARATION OF THE EETINA, 

This pathological change, unfortunately extremely 
frequent J results from an effusion of serous fluid be- 
tween the retina and the choroid. The exudation 
most often occurs at the uj)per portion of the retina, 
hut soon finds its way by gravitation to the lowest seg- 
ment. It may remain of limited a mount j or may in- 
crease so as to detach the entire retina from its con- 
nection with the choroid. When the separation has 
reached this extreme degree the retina forms an 
infiuidibulum, retaining its attacliment around the op- 
tic entrance, but everywhere else thrown into folds 
which float and roll upon each other with each move- 
ment of the eye. 
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The appearances exhibited at this advanced stage 
are often visible to the naked eye, especially if the 
pupil has been dilated, — and can be readily seen by 
the aid of lateral illumination. 

Viewed with the ophthalmoscope, in the earlier de- 
grees of the affection, the separated portion presents 
a slightly grayish translucent surface, evidently raised 
above the surrounding portions of the retina. 

When more detached, it assumes the form of irreg- 
ular folds bulging forwards towards the iris, and may 
often be best seen with the mirror of the ophthalmo- 
scope without the lenses. These appearances should 
not be mistaken for the rolling masses of disorganized 
hyaloid membrane, sometimes containing crystals of 
cholesterine, which are now and then observed, and 
which offer at first sight a not dissimilar aspect. In 
some cases the two affections are concomitant, — sep- 
aration of the retina occurring as a sequel to disease 
of the vitreous, — being drawn away from its normal 
position by contraction of that mass. It is also liable 
to take place as a consequence of posterior staphy- 
loma, in cases of progressive myopia, — the thinned 
sclerotica and choroid receding from the retina and 
allowing of sub-retinal effusion, at first only to the ex- 
tent of the staphyloma, but afterward spreading by 
infiltration over a larger space. 

The treatment by enforcing perfect quiet, the pa- 
tient lying on his back, as practised by Professor Don- 
ders, seems to have been successful, in young subjects. 
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in effecting absorption of the fluid, and reapplication 
of the refcma to the choroidal surface. Professor Von 
Graefe has proposed incision of the separated portion, 
by means of a very minute knife passed into the eye- 
ball behind the crystalline lens and carried towards 
tlie centre of the separated surface, and Mr* Bowman 
has practised a laceration of the, retina with two mae- 
d!es. The results of tliese operations have afforded 
some encouragement to at least a further trial ; espe- 
cially in the early stages of the affection, before the 
retina has become extensively displaced by a large 
accumulation behind it. 



CHOROIDITIS, 



Apart from the implication of tlie choroid with the 
retina, in some cases of secondary and of inherited 
syphilis, and from the changes which take place in 
posterior staphyloma, this membrane is liable to 
become the seat of exudation or of disseminated 
inflammation. 

As seen by the ophthalmoscope, spots wliich have 
been the seat of exudation present >vliitish patclies 
generally surrounded by a boi-der of aggregated pig- 
ment cells. In some of these patches little of the 
clioroidal tissue remains, the whitish reflexion coming 
fi*om the denuded sclerotica. 
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During the presence of disseminated inflammation of 
the choroid, the vitreous, wliich seems intimately con- 
nected with it, loses in a degree its transparency, and 
often becomes pervaded with flocculi. The fundus of 
the eye is then indistinctly seen. 

A strong tendency exists, in one form of this dis- 
ease, to effusion of thin serous fluid, and this fluid, 
frequently holding pigment globules in solution or 
capable of producing them, finds its way through the 
retina along the course of its vessels, giving rise to 
secondary disease of that membrane and to the forma- 
tion of pigment deposits there, and causing atrophy of 
its tissue and of its nutrient vessels from pressure. 
This affection, sometimes termed retinitis pigmentosa, 
has been attributed by Liebreich and other observers 
to consanguinity of the parents of the subject ; though 
this has not been recognized as a predisposing cause 
by other authorities. Its symptoms begin in early 
life, — vision being defective, especially in a feeble 
light. The deficiency of power, and limitation of the 
field of vision increases with age, and at or before 
middle life total blindness supervenes. Thus far all 
treatment has proved unavailing. 

Simple choroiditis may become resolved, and the 
alterations to which it has given rise may in a great 
measure disappear ; but more frequently — and this is 
especially true of its syphilitic form — choroiditis is the 
occasion of such changes of contiguous parts, of the ret- 
ina or vitreous, that complete recovery is not obtained. 
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and some limitation, at least, of the field of vision re- 
mains- Even in favorable cases progress must be 
slow. 

The most approved treatment consists in a resort to 
local depletion and the internal administration of bi- 
chloride of mercury in small doses* Other derivative 
means sbould at the same time he employed. The 
performance of iridectomy^ especially in acute attacks 
or where the pressure of transfused fluid has increased 
the tension of the globe, is also sometimes of the great- 
est advantage. It should always be done^ in these 
cases, unless for urgent and special reasons, in the 
upper portion of the iris, that the patient, after re- 
covery^ may be spared the dazzling caused by enlarge- 
ment of the pupil downwards. 



POSTERIOR STAPHYLOMA, 



Thinning and giving way of the tunics of the eye- 
ball may occm^ at any part of its surface, as a result 
of disease. But we are indebted to modern re- 
searches, in aid of which the ophthalmoscope and 
post-mortem examinations have borne a prominent 
part, for a knowledge of the fact, that such a condition 
is extremely common around the entrance of the optic 
nerve, — that it may commence and increase without 
a suspicion of its existence being for some time ex- 



80 RECENT ADVANCES IN OPHTHALMIC SCIENCE. 

Cited, — and that it is very frequently both a conse- 
quence of myopia and a cause of its increase. 

The protrusion backwards of this portion of the eye- 
ball (regarded by some writers as the result of inflam- 
matory action, and termed by them sclero-choroiditis) 
begins, so far as we can perceive by observation, by 
an attenuation of all the tissues, especially of the 
sclerotica and choroid. As shown by the ophthalaio- 
scope, it has the form of a whitish or grayish-white 
crescent, its concave edge towards the optic disc and 
its convexity in the direction of the macula lutea. As 
the affection progresses, the crescent becomes wider 
and more prolonged, sometimes completely encircling 
the disc, but expanding principally towards the yellow 
spot; its outline at the same time becoming more 
irregular. The reflection from its surface gi'ows 
whiter as attenuation and atrophy of the choroid 
and retina goes on and the sclerotica becomes more 
and more exposed ; though its surface may be studded 
with grayish spots, remains of the choroid, or with 
black pigment accumulations. The retina is thinned 
and expanded ; but its nerve fibres are for a long 
time unaltered, so, that impressions made upon other 
parts of the retina are still conveyed across this space, 
though no clear images can be formed upon the im- 
plicated surface. As the sclerotica yields more and 
more, the devious course of the retinal vessels shows 
that they run over a concave surface. Other spots 
of atrophy of the choroid often make their appearance 
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near the margin of the crescent or in the vicinity of 
the macula hi to a, and coalesce with the t?x ten ding 
staphyloma, giving it an irregular instead of a cres- 
centic form^ The disc seems oval instead of rounds 
as the side of the optic nerve next the staphyloma be- 
comes involved in k. As the disease hegins to affect 
the region of the yellow spot, or the optic nerve itself, 
vision becomes more impaired. 

Willi the increased bulging of the sclerotica the 
danger arises that the retina may not accommodate its 
Hurface to that of the outer tunic, and that effusion 
may he formed between the two structures, giving riae 
to the condition known as separation of the retina. 

That such ahnonnal elongation of the eyeball should 
be a cause of myopia may be readily seen, — -the 
lengthening of the optic axis giving rise to excess of 
refraction, so that the focus is formed in front of its 
normal position. But the affection, itself a cause of 
myopia, msiy be yet further increased in consequence 
of it. Any Iong-<?ontinued convergence of the optic 
axes, in accommodation for near objects, causes greater 
external pressure upon the globe from the action of 
the recti muscles, and at the same time the stooping 
position of the head assumed in reading and writing 
iavors congestion of the vessels and increases the in- 
tra- ocular pressure. Both these influences promo to 
the further yielding of the already weakened tissues, 
and thus lead to an mcrease of tha staphylomatous 
buldng. 

4* 1- 
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An examination of the fundus ocull with the oph- 
thalmoscope should therefore be made in all cases of 
short-sightedness, particularly in young subjects ; as it 
is important to detect the existence of staphyloma, if 
present, that precautions may be taken against its in- 
crease with the advancing age of the patient. 

During the period of youth there is a strong predis- 
position to an augmentation of this morbid change, 
and, unless counteracted, it attains such a degree that 
the eye becomes incompetent to oppose its steady 
march, and before middle age the patient has the mis- 
fortune to perceive, not only an increased myopia, 
but a constantly failing vision. But if the period of 
youth can be safely passed without the development 
of progressive staphyloma, these results are less to be 
apprehended. It therefore becomes exceedingly im- 
portant to direct the patient to avoid everything which 
might favor the advance of this lurking enemy. Long- 
contirtued close application of the eyes, especially with 
the head bent forward, should be interdicted, — glasses 
should be properly selected to avoid the necessity for 
accommodative efforts, — and every care taken, by de- 
rivative measures if necessary, to avoid cerebral or 
ocular congestion. 
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OPACITIES IN THE VITREOUS HUMOR- 



Wheke disease of the retina and choroid has ex- 
isted, especiallv if this has been of syphilitic origin, 
the ophthahnoscope sometimes brings to hght fixed or 
floating opacities, of various size, in the vitreous mass, 
which seem to he the result of extension of inflamma- 
tory action to the hyaloid membrane. 

Accordhig to their she they interfere more or less 
with vision, having the appearance of muscse or of 
larger dark spots before the eye. Tliey sometimes 
disappear as the primary disease subsides ; but where 
the vitreous has become extensively disorganized they 
remain, and frequently cause great imperfection of sight. 
I Crj^stals of cholesterine may also occasionally be 
r seen in the vitreous, and do not necessarily involve 
I serious impairment of viaiou, 



CATARACT: ITS EARLY DIAGNOSIS- 



By means of the oiihthahnoscope, and by oblique 
Iflumtnation^ we are able to detect the presence of 
minute opacities of the lens at a much earlier stage of 
the disease than tliat at which it was possible to do so 
by the former methods of investigation. 

With the opJithahnoscope these are seen as shadows 
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thrown upon the fundus of the eye, and with a little 
practice are readily distinguished from dusky appear- 
ances having their seat in the vitreous or in the cor- 
nea. By lateral illumination they give a grayish re- 
flection as light is thrown upon them, and are evi- 
dently situated but a little posterior to the iris. 

No hesitation need now be felt as to whether we 
have to do with incipient cataract or with some more 
deeply-seated affection, and we are able to undertake 
treatment of these latter, in their early stages, with 
promptitude and confidence, instead of doubting, as 
formerly, whether the symptoms might not depend on 
commencing cloudiness of the lens which was as yet 
imperfectly developed. 



OPERATIONS FOR CATARACT. 

Among the numerous recently proposed modifica- 
tions in the operations for cataract there are some of 
unquestionable value. 

Extraction is now almost universally acknowledged, 
by scientific oculists, as the mode offering the best 
ultimate result, in cases of hard or semi-hard cata- 
ract. 

Extraction has been rendered more easy and its 
risks lessened by the introduction of anaBsthetics. It 
is desirable, however, where these have been adminis- 
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tered, that the dressings should be promptly applied to 
the eyes, in order that the wound of the cornea may 
not be disturbed in case nausea and vomiting should 
supervene. Where such precautions have been taken 
no ill consequences result from etherization. 

It m an advantage, in this operation, that the globe 
should be fixed by being held with forceps during the 
section of the cornea. This is especially desirable, in 
fact almost indispensable, wliere etlier has been given. 
The globe is thus prevented from retreating before the 
knife, which can be carried steadily forward to form a 
smooth and regular flap. Furthermore, as tho patient 
is unconscious, no eontraction of the recti muscles is 
excited, and the danger of expulsion of a portion of 
the vitreous is thus gi^eatly lessened. 



OUT-SCOOPJWG OF CATARACT, 



The out-scooping of cataract, by means of spoons 
devised for that purpose by Dr. Waldau (formerly 
Dr. Schuft) of Berlin, or by these spoons as modified 
by Mr, Critchett, is a ?nodus operandi adapted to 
some <^ases of semi- hard cataract. 

In doing this opL^ation a very broad, lance-shaped, 
bent knife is substitnted for the ordinary extraction 
knife^ The lids being separated by a spring elevator, 
and the eyeball turned downwards by means of for- 
ceps held by the operator or assistant, the knife is in- 
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serted near the upper edge of the cornea and pushed 
onwards, parallel with the iris, to the full breadth of 
the instrument. A portion of the upper part of the 
iris is now excised, in the usual mode of doing iridec- 
tomy ; but it is not important, as when operating for 
the relief of glaucoma, that an entire segment of iris 
should be removed as far as the ciliary margin. All 
that is now needed is, that an enlargement of the 
pupil should be made, so as to afford more room for 
the extraction of the lens without exposing the iris to 
danger of contusion from the scoop. 

The third step of the operation consists in very free 
division of the anterior capsule of the crystalline, with 
one of the small instruments designed for this purpose. 
The thin scoop or spoon as modified by Mr. Critchett, 
or as in another model which I have devised and pre- 
fer, is then parsed behind the lens, gliding along its 
convexity, if possible between it and the posterior 
capsule, care being taken not to rupture the hyaloid 
membrane, and is carried as far as the lower mar- 
gin of the crystalline. The spoon is then pressed 
slightly towards the cornea, and withdrawn, bringing 
with it the nucleus or a considerable portion of the 
lenticular substance. It is to be again introduced and 
withdrawn, till all fragments of crystalline, so far as 
seen, have been removed and the field of the pupil is 
clear. Care should be taken that fragments are not 
pushed behind the iris, to cause subsequent irritation, 
and that pressure is not made against that mem- 
brane. 
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Til is operation offers the advantaoreB of a straiglit 
and small incision, well disposed to immediate union ; 
it lessens also the risk of prolapsus iridis, and we 
thus avoid two of the principal dangers of ordinary 
extraction* The recovery, in favorabje cases, is more 
rapid^ and the after treatment requires less strict care. 
These arc strong arguments in its favor. On the 
other hand, the objections to this method are, that 
inflammation of the iris and capsule, arising either 
from contusion or from the presence of some unre- 
moved fragments of the lens, are unhappily frequent, 
and that se^condary operations for the removal of 
opaque capsule are often required- Its true relative 
value remains to he determined. 

mroECTOMY FEE\nOlIS TO KXTRACTrON OF CATARACT. 

The operation of iridectomy as preliminary, and 
some weeks previous to extraction of the lens, has 
been recommended by Moorcn and others, as calcu- 
lated to increase the chances of success. Only a nar- 
row strip or segment need be removed, — the design 
bemg to cnlarfTC the natural pupil and thus obtain 
more room for easy exit of the lens, and also to lessen 
the chances of prolapsus iindis through the wound of 
the cornea. 

If this auxiliary opemtion be resorted to^ iridectomy 
and the subsequent extraction should be done up- 
wards. 
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Iridectomy may also be combined with extraction, — 
as proposed by Jacobson, — the two operations being 
done at the same time. There are many reasons 
for preferring this plan to that of leaving an inter- 
val between th« two operations; and almost th^ 
sole objection, — the difficulty of keeping the patient 
quiet during the slightly longer time required for the 
double operation, — may be obviated by the use of 
anaBsthetics. In this case, moreover, the operator has 
it in his power to decide, after section of the cornea, 
according to the indications he meets w^ith, whether 
or not he will resort to iridectomy. 

LINEAR EXTRACTION. 

A very noteworthy improvement in operations for 
the congenital and traumatic forms of soft cataract 
consists in immediate removal of the lenticular sub- 
stance from the eye, through a small linear opening, 
instead of leaving the fragments of the lens to be 
slowly absorbed by the aqueous humor, as after the 
ordinary operation for division. 

The anterior capsule and the substance of the lens 
are freely divided by an extremely fine needle passed 
through the cornea, near its margin, the aqueous hu- 
mor not being evacuated. The minute puncture is 
then enlarged by a broad needle or the point of an iri- 
dectomy knife ; upon which some of the fragments of 
the lens are washed out with the flow of aqueous hu- 
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mor, and tlie remainder maj be removed with the 
curette or a small scoop. Should any portions remain 
thejr will he readily absorhed, provided the pupil is 
protected from pressure by having dilatation kept up 
by means of atropia- 

Operations by displacement of the pupil, or iridde- 
sis, applicable to certain forms of congenital catamet, 
will he elsewhere d escribe d. 



^EfilOYAL OF SOFT CATAEACT BY SUCTION, 

An ancient mode of extracting a lens of soft con- 
sistence by suction has recently been revived by Mr, 
iTeale, and advocated by Iiim in the Royal London 
f Ophthalmic Hospital Reports. I have obtained excel* 
lent results from his operation, performed with slight 
modifications* I use a broad needle for puncturing 
the cornea and make free division of the anterior cap- 
sule with the same instrument. A silver suction tube, 
of the size of the canula of a small exploring trocar, 
is connected by a short, flexible rubber tube with a 
glass bulb, and to this bulb is attached another longer 
tube which is held in the mouth of the operator* The 
silver tube is inserted through the wound made by the 
needle, and carried through the pupil, which has pre- 
yiouBly been dilated by atropia, to the centre of the 
lens- Gentle aspirative cfibrt^ are now made, and the 
lenticular substance is drawn through the tube into the 
glass bulb. The mouth of the tube is slightly moved 
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from one point to another within the capsule, so as to 
bring within its reach any fragments of the crystalline 
which may be observed to remain. If the lens be 
quite soft, every portion of it may be drawn into the 
instrument, leaving the pupil clear. Should it have 
more tenacity, it may not be possible to remove the 
whole, and' the fragments are left to dissolve, as after 
an ordinary operation for solution or a linear extrac- 
tion, or they might perlmps be removed, after having 
become softened by the aqueous humor, by a subse- 
quent suction operation. It is best to maintain dilata- 
tion of the pupil, as a precautionary measure, during 
the first days after the operation, and until we are sat- 
isfied that no danger is to be feared from pressure of 
unremoved flakes of lens against the iris. 

SUTURE OF THE CORNEA AFTER EXTRACTION OF 
CATARACT. 

So far as I know, the insertion of sutures in the 
cornea, after extraction of the lens, to facilitate pri- 
mary union of the flap, has never been performed or 
suggested, until lately by myself. I have done this in 
a considerable number of instances, and thus far with 
invariable success ; and after careftil observation of the 
results obtained, can advocate this method as possess- 
ing numerous and important advantages. I prefer a 
straight needle, only a quarter of an inch long, made 
by cutting off* the requisite length from the head of 
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tlae finest sewing needles and forming a new point. 
The needle m held and passed through the cornea by 
means of a pair of firm forceps, and the suture, lormed 
by a single strand of silk or the finest thread, is tied^ 
not too tightly. This is allowed to remain until it cuts 
itself oxLt^ which is sometimes not for several days, or 
even weeks; as there is danger of reopening the 
w^jund if its removal is attempted, unless during ana^s- 
thcsia< From the usual intolerance of the cornea of 
the presence of foreign bodies, we might expect that 
the suture would give rise to much irntation, but such 
has not been the fact, as I Iiave known It to remain in 
situ seven weeks without causing inconvenience. 

Every one will appreciate the immense advantages 
to be gained by employing such a means of insuring 
immediate union of the corneal wound, — if the ques- 
tion of tolerance be once determined in its favor. 
Non-union of the edges of the flap is of itself one of 
the great dangers following the operation ; but we 
have thus placed it in conditions where its displace- 
ment will be prevented, its union by primary adhesion 
pronioted, and swelling and suppuration of its border 
rendered most unlikely to occur. Prolapsus of tlie 
iris, another of the sequel se we have most to fear, ia 
rendered almost impossible. By accomplishing a more 
speedy restoration of the anterior chamber and reten- 
tion of the aqueous liumor, we escape or greatly les- 
sen tlie chances of inflammation of the iris, the crys- 
talline capsule J and the choroid. We are able to main- 
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tain dilatation of the pupil by the free use of atropia, 
without fearing that hernia iridis may be thereby in- 
duced, — and we thus obviate the dangers resulting 
from pressure of fragments of cortical lenticular sub- 
stance, or of capsule, against the pupillary margin of 
the iris. Lastly, we are able sooner to examine the 
eye with safety, and satisfy ourselves as to its condi- 
tion, and, if necessary, to institute measures to combat 
any threatening symptom in its incipient stage. 



IRIDECTOMY FOR RELIEF OF CLOSURE OF 
THE PUPIL. 

Whatever may be thought of the propriety of doing 
iridectomy, as a precautionary measure, to avert future 
attacks of iritis, in cases of partial synechia, — where 
the adhesions are limited and a large portion of the 
pupil remains clear, — as has been proposed by some 
authors, — there can be no question of its propriety 
and necessity in instances where the aperture has 
become closed. Where complete obliteration of the 
pupil has been established, the aqueous humor secret- 
ed in the posterior chamber, no longer passing freely 
into the anterior part of the globe, distends the iris 
and pushes it forward, till the vitality of its texture is 
destroyed, and it becomes a mere pouch, as it were, 
lying nearly or quite in contact with the cornea. 
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At the same time pressure also takes place back- 
ward towards the important structures in the posterior 
part of the eye, and a slow process of disorganization 
is there set up, resulting, if interference be too long 
delayed, in utter extinction of vision* 

But if an artificial pupil be seasonably made, or the 
natural pupil re-established hy corelysis, — thus re- 
opening communication between the two aqueous 
chambers, these morbid changes are arrested, and ex- 
cellent vision U oftentimes restored. 

In these instancesj the surgeon should not refuse or 
delay to interfere because the patient has one sound 
By By — 3^5 be can do, without detriment, in eases of 
cataract. To postpone relief is to sacrifice the eye ; 
and, apart from the possibility, the probability in fact, 
that a patient whose one eye has suffered from iritis 
may at some time have the other invaded by the same 
disease, or the chance that it might be destroyed by 
accident, it is too desirable to give him, if possible, the 
benefit of binocular vision, to allow of hesitation in 
doing an operation from which be incurs no risk, ^nd 
is likely to have little inconvenience- As a rule, tlio 
loss of substance should, in these cases, be below the 
natural pupil,- — that being the position admitting of 
most usefulness for an artificial pupil, — and it should 
fall short of mther tlian exceed the average dimen- 
"flions of the natural aperture, 
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IRIDDESTS IN CASES OF CLOSED PUPIL. 

Where the pupil hajs been for some time nearly or 
quite closed, and we judge from the aspect of the iris 
that its fibres have become so flaccid, and their con- 
tractile power so diminished, that the operation of 
corelysis, detaching the adhesions from the capsule of 
the lens, would be insufficient to secure a permanent 
opening, a small portion of the iris may be drawn out 
through a minute opening in the sclerotica, at the 
edge of the cornea, and an additional safeguard thus 
obtained for the patency of the pupil, while less de- 
fonnity is produced, and the eye can better protect 
itself against a flood of light, than where iridectomy 
has been done. In nearly all these cases iriddesis 
should be downwards. 



IRIDDESIS IN CONGENITAL CATARACT. 

In some forms of congenital cataract there exists 
opacity of the central portion only of the lens, without 
the usual tendency to increase of the cloudiness to 
such an extent as to involve the w^hole crystalline. In 
these instances the patients see tolerably well in a 
moderate light, or after artificial mydriasis. 
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Great advantages may be gained, under these cir- 
cumstances, from displacing the pupil so as to bring it 
in apposition with a transparent portion of the lens, 
towards its margin, — ^w^hile at the same time the op- 
posite portion of the iris is di-awn over, so as to mask 
to some extent the central opacity. By proceeding 
thus, instead of operating for the removal of the lens 
itself, we retain for the eye the power of vision with- 
out cataract glasses, and of accommodation to different 
distances, — both of which functions would be abol- 
ished were the crystalline removed, Furtlicnnore, 
this operation involves less risk than that of division 
of the lens, or than linear extraction or removal by 
suction. 

The unusnnl position and balloon-shape of the pu- 
pil creates a slight deformity on close inspection ; but 
this is of no importance compared with the advantage 
of being able to dispense with glasses, and attracts less 
attention than the w^eariiig of these. 



IRIDDESIS IN CONICAL CORNEA. 



The giving way of the centre of the cornea till it 
assumes a conical form is due to diminished resistance 
ill tlie corneal tissue, not to excessive intra-oeular 
pressure* In fact^ when the alteration of f[>rni has 
reached an extreme limit, and the apex of the cone 
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begins to be slightly cloudy, the tension of the globe 
is often rather lessened than increased. As the mor- 
bid change goes on, vision is confused, not merely by 
the increased myopia, but by irregular refraction, and, 
later, by the central opacity; until, in defiance of all 
ordinary remedial measures, useful vision is gradually 
lost, — a few cases only showing an arrest of the dis- 
ease after it has attained a moderate degree. 

In the course of trial of various optical expedients, 
it had been found that the infirmity was palHated and 
vision rendered more clear by looking through a nar- 
row slit, — and it occurred to Mr. Bowman to apply 
to this affection the operation of iriddesis, devised by 
Mr. Critchett. 

The irregularity of refraction is thus diminished, by 
giving to the pupil an elongated form, and, in so 
doing, cutting off the disturbing lateral rays, — and a 
portion of the pupillary aperture is placed behind a 
part of the cornea which remains transparent and 
which is less changed than is the centre from its nor- 
mal curvature. A puncture should be made with a 
broad needle, through the sclerotica, at the extreme 
verge of the anterior chamber, — that the plane of the 
iris and of the displaced pupil may continue normal, 
and not be inclined forwards, as would be the case 
were the wound made through the cornea. The edge 
of the pupil is then to be seized with a blunt hook or 
canula forceps and drawn out of the wound, where it 
is to be secured by ligature ; or the iris may be seized 
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with the forceps nearer its cHiary margin, and sirai- 
larly secured, — thus retaining m a measure the power 
of contraction of its circular fibres. 

The operation should generally be performed down- 
waixls, and the shape of the pupil will be that of a 
balloon. A second operation, at the opposite point, 
was proposed bj Mr. Bowman, — giving to the pupil 
a spindle-shape i bat the advantages of this are ques- 
tionable. 

As the conicity of the cornea has been thought to 
be lessened by the operation, it should be advised 
early in the disease, when tliis manitests a progressive 
tendency. 



REMOVAL OF STAPHYLOMA OF THE 
CORNEA, 



When the cornea has been almost entirely de- 
stroyed by purident oplitliahnia, its place is often sup- 
plied by a prominent cicatrice^ formed of a peculiar 
tissue which seems to take the place of the cornea and 
iris, — to which the term staphyloma has been ap- 
plied. TJiis cicatricial tissue has less resistance than 
tlie healthy cornea, and frequently gives way under 
the presstu'e from the intra-ocular fluidsj bulging out- 
wards to such a degree tliat the patient may be unable 
to close the lids, or does so with difficulty. This pro- 
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trusion is often the source of pain and irritation, not 
only in the lids, but, from tension of the ciliary nerves, 
in the eyeball itself. It is, moreover, liable to take on 
an inflammatory condition, in consequence of slight 
injuries or of exposure to cold, causing painful suppu- 
ration and entire collapse of the globe. To avoid 
these dangers and obviate the discomfort constantly 
occasioned by its presence beneath the lids, — as well 
as to remove the deformity which is a perpetual source 
of annoyance to the patient, — two operations have 
been proposed ; — enucleation of the entire globe, and 
excision of the staphyloma at its base. 

Removal of the globe subjects the patient to various 
inconveniences, which, though of no weight where the 
preservation of the other eye is in question, as in cases 
of sympathetic inflammation, are yet of importance in 
the circumstances w^e are now considering. If done, 
the deformity is considerable, and even though care 
may have been taken to leave the recti muscles and 
the cellular tissue of the orbit, as far as possible, in- 
tact, an artificial eye has not the amount of support 
requisite to its proper movements. Should no facti- 
tious eye be worn, the lids fall in and the eyelashes 
come into contact with the conjunctiva, keeping up a 
disagreeable amount of secretion from its irritated sur- 
face. In most eases, instead of resorting to this ex- 
treme measure, ablation of the staphyloma may be 
advantageously substituted. 

Mr. Critchett has proposed an excellent method of 
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operating. The patient being etheri^ed^ four or five 
curved needles armed with sutures are passed through 
the globe from above downwards, jast behind the 
ciliary region, thus including in front of them the 
whole of the staphyloma. 

These are thus placed to steady the globe and pre- 
vent the possible escape of the vitreous during the 
operation, and to allow of the sutures being tied im- 
mediately on the completion of the excision- The 
staph jloma is now excised with a sharp, narrow bis- 
tomy, the needles are drawn through, the sutures 
tied, and the edges of the w^ound thus brought to- 
gether. Speedy closure of the wound being desira- 
ble, it is well to have the silk or thread in each needle 
of a different color, that the sutures may be easily dis* 
tinguished from each other* 

The w^ound often closes by primary adhesion, or so 
much of it becomes united as to insure the healing of 
the remainder by granulation, without loss of the con* 
tents of the globe. Simple water dressings are to be 
used. Recovery is rapid, and the stump obtained is 
not very unsightly, even if not covered by an artificial 
eye ; or, should one be worn, it affords a good support. 

In a few instances the attempt to preserve the fid- 
ness of the globe fails, inflammation coming on and 
causing suppuration of its contents ; but should this 
occur, little pain is usually felt, as the wound allows of 
the free escape of matter, and the resulting stump is 
much more comfortable to the patient, and gi^'es bet- 
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ter support and movement to an artiBcial eye, than 
when the globe has been removed. 

Where the staphylomatous tissue has considerable 
firmness, only an oval portion from its central part 
may be excised, with or without previous insertion of 
needles, — the edges of the wound being brought to- 
gether by sutures. Nearly the natural dimensions of 
the globe may thus be preserved. 



DIPHTHERITIC INFLAMMATION OF THE 
CONJUNCTIVA. 

Though happily this disease is rare among us, and 
seems to be common only at Berlin and in Holland, 
whilst almost unknown in England and France, yet 
it does occur here, and may become more frequent. 

It prevails at the cold and damp seasons of the 
year, and oftenest affects children of from two to 
eight years of age, though adults may be attacked. 
Its invasion is rapid, a few hours sometimes sufficing 
to produce enormous tumefaction of the lids. They 
become hard and stiff, and can be everted with diffi- 
culty, owing to the infiltration of the conjunctiva and 
sub-mucous tissue with a fibrinous exudation. Che- 
mosis exists beneath the conjunctiva of the globe, 
which shows here and there dots of extravasated 
blood. This chemosis is not serous, but is made up 
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of Uie same fibrinous material which gives hardness to 
the lids, and its pressure upon the vessels interferes 
witlv the free circulation of blood. 

The secretions are at first dirty grayish and watery ; 
afterwanh they are mixed with pus globules and fibri- 
nous fragments \ diftering widely from the dischai'gcs 
in muco-purulent conjunctivitis* 

On everting the lids, they are found fined with a 
firm, fibrinous mass, which is, perhaps, separated at 
its edges while still adhering firmly to the central 
portion of the lid. If detached with forceps or other- 
wise, slight hemorrhage follows. This Jalse meni' 
branc is very mpidly reproduced, and may acquire a 
thickness of two or three lines in twenty-four hours. 

The principal danger arises from the liability to ex- 
tensive and intractiible ulceration of the cornea, — 
produced by interruption of its nutrition and by the 
action of the acrid secretions. 

Very frequent use of slight astringents, with con- 
tinuous cold external applications, and cleansing the 
eye with mild fluids injected from a syringe, has 
proved more serviceable than active cauterization 
with nitrate of silver or other powerful remedies* 

Contraction of the conjunctiva and tarsal cartilage, 
and consequent entropion, is liable to ensue from the 
degeneration caused by this^ disease, 

A constitutional predisposition to this rare affection 
seems to exist in some familieSy and I have seen sev* 
eral cliildren successively attacked on reacldng a cer- 
tain age. 
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REFRACTION AND ACCOMMODATION. 

Of all the advances which the last few years have 
witnessed in ophthalmic science, unquestionably the 
largest in its application is the development of the 
theories of accommodation and refraction, — which we 
owe, mainly, to the accurate observation and genius 
of 'Professor Donders of Utrecht. 



THE FUNCTION OF ACCOMMODATION. 

A NORMAL eye, when in a state of rest, is adapted to 
receive upon its retina well-defined images of distant 
objects, — the rays emanating from which may be 
considered as parallel. It is then said to be accommo- 
dated for its far point, punctum remotissimum^ desig- 
nated by the letter r. In practice, all objects placed 
at or beyond eighteen or twenty feet are regarded as 
virtually at an infinite distance, — the rays derived 
from them diverging so little as to be in effect par- 
allel. 

But a normal eye is also capable of an unconscious 
adaptation, by which it can bring to a focus diverging 
rays, from an object situated very near it. It is then 
said to be accommodated for its near point, punctum 
proximum^ designated by the letter p. 



THE FUNCTION OF ACCOmiODATlOH. 103 

The distance between these two points is termed 
the range or latitude of accommodation, designated by 
A. This extends, generally, from three and a half 
inches, the near point of distinct vision, to an infinite 
distance. Anywhere within these liraits, objects can 
be clearly seen ; beyond them^ images of objects are 
no longer distinct, bat circles of dispersion are formed 
upon the retina, 

tit Tiunuol i^. 




The upper lialf of tliis diagram represenU an emmetropic ey^ 
In a slate of rest, the lower lialf in a state of &11 accommoda- 
tion for the near point A. The only rlifferenee in the refraetiTO 
media ia in the ctvs tall 1111% which in the lower half of the figure 
ii shown thicker and mor<i sliarpljr curved than in the upper 
half In the iapj>er half is shown a bundle of parallel ray a which 
undertfo ^ncee^ive refractioivs at the cornea and the two anrfa* 
eet» of the cry :^tal line, m as finally to converge to a fociia and 
thus form an ima^e upon the retina N. In thia condition of the 
eye divergimt ray^^, as from the point A, and indicated by the 
upper slotted linet are not hrouj^ht to a fot^ui? upon the retina^ but 
lend to converge to a point farther back, bs to A"j thus tbiming 
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upon the retina N a vague circle of dispersion, instead of the 
clearly defined image which is essential to perfect vision. 

In the lower half of the diagram is shown a pencil of diver- 
gent rays, emanating from a near point, A. These divergent 
rays, having undergone partial refraction in passing through the 
cornea, are again very strongly refracted by the sharply curved 
crystalline, so as finally to converge to a focus on the retina at N. 
Less divergent rays, or parallel rays, as indicated by the lower 
dotted line, are, under the same conditions, refracted so strongly 
as to converge to a point in front of the retina, as at A', a result 
wholly incompatible with distinct vision. The point A, repre- 
senting the nearest point of distinct vision, is called the near 
point, punctum proximum (p). 

It follows, therefore, that in a state of rest the emmetropic eye 
can see disttant objects only, and the same eye in active accom- 
modation is fitted only for near vision. 

After many years of almost firuitless speculation 
upon the theory and mechanism of accommodation, it 
is now proved by positive mathematical demonstration 
that this most important fiinction has its seat in the 
crystalline lens, and that it is exercised by means of 
changes in the curvature of its anterior and in a slight 
degree also of its posterior surface ; which changes are 
effected, in a manner not yet fully explained, by the 
action of the ciliary muscle. 

For a long period the accommodative power was 
supposed by many to be exercised by elongation of 
the globe, and consequent increase of its refraction, by 
means of pressure exercised upon it by the recti mus- 
cles. This theory failed, however, to account for the 
total loss of accommodative power which is always 
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observed after removal of the crystalline lens in the 
various operations for cataract ; and it has been abso 
lutely disproved by the occurrence of a case of total 
paralysis of all the motor muscles of the eye^ hut in 
which aGCommodation remained perfect, 

A second^ and for a long time widely accepted the- 
ory, rcfen'cd this power of adaptation" to a change in 
the position of the crystalhne lens ; hut upon submit- 
ting it to rigorous mathematical analysis it was found 
that the requisite range of motion of the lens to ac- 
count for the varying conditions of accommodation 
woukl necessarily involve such a change in its position 
as could hardly escape the critical inspection of prac- 
tised ohservers, 

A third explanation assumed tliat there was no such 
thing as any active accommodative power, hut sought 
to account for the observed phenomena by supposing 
that different parts of the refractive mediaj and par- 
ticidarly of the lens, had the effect of bringing the 
rays from external objects to a focus at different dis- 
tances J thus considering the principal focus of the eye 
as a short line rather than a point, and assuming that 
all vision is die result of imperfectly defined retinal 
images. 

The true theory of accommodation was also long 
ago accepted as one of the ways in which distinct vis- 
ion is possible at different distances, and very strong 
if not conclusiv^e arguments in its favor were adduced 
at the very beginning of this centuiy by Thomas 

5* 
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Young in a paper m the Philosophical Transactions; 
but it was reserved for two observers of our own dav, 
Kramer and Helmholz, working independently of each 
other and nearly simaltaneously, to reduce the prol> 
lem to an ocular and mathematical demonstration- By 
the ingenious instruraents devised by these eminent 
observers, the alterations of curvature in the crystal- 
Ihie of an observed eye, as it is accommodated for 
jkmr or distant objects, are made perfectly obvious to 
an observer, while it is at the same time evident that 
no change of curvature of the cornea takes place dur- 
ing the experiments. 



Fig. Ift. 



Dlagrain exfilaLDliijf the cliAiige In pa^idaD of Cbe Iffliige fbrmed by Uu) 
anterior suj-faco «f the cryBUillini! (ftfler IKindcTi). 




The observed eye is directed to the point A, and a candle and 
the eye of the observer placed aymmetncally on either side of A, 
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m sliown in the figure. Now the only rays from tlie candle 
which can reach the eye of the observer are thoee which are re- 
flected from the central portions of the cornea, and anterior and 
posterior suHaces of the lens* TliC rays reflected from the cor- 
nea will then reach the observer as if tliey came from the point 
a, and those from the posterior capsule aa if they came from the 
direction c. The rays from the anterior surface of the lens, 
when the eye is at rest, as is shown by the flatter outline of 
the lens, will reach the observer *a eye from the direction b. Im- 
ages of the flame, either real or virtual, will appear to the ob- 
server in the direction from which these rays respectively come, 
ttnd will naturaDy be referred in ptjsitton to the dark plane of the 
pnpil, intlicated by the line 1 F, upon which they may be repre- 
eenttid by the large white dota. If now the observed eye, atiH 
looking in the direction A, is strongly accommmlated for some 
near object, the las^t-mentioncd image will be seen to change its 
position ao aa to appear to be in the directloi^ b'. This change 
in position can depend only upon a change m the place of the 
reflecting surface m indicated by the more convex dotted outline. 
The refraction of the raysi from the two surfaces of the lena li 
not whown in the figures fwj it occwrs equally in the case of the 
incident ihm of the reflected raysj and thert^fore does not affect 
the demonstration, 

FLg^ IT and IS. KeOeeted Jmages at a. c&ndl^-^anu^^ &a aeen in thQ pai»U of aa 
cyo tLC rcit and Ld accoEiilButlaiiuQ r»r tseiir vision. 



Figure 1 7 represents the pupil of an eye in a state of refit* 
showing the three iniageB, a b c, of the flame of a candle ^ formed 
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respectively by reflection from the cornea, anterior capsule, and 
posterior capsule. Figure 18 shows the same eye in a state of 
accommodation for near vision, — the pupil somewhat contracted, 
as indicated by the circular white line, and the image b, formed 
by the anterior capsule, changed both in size and in position. 
The smaller size of this image is the direct result of the in- 
creased curvature of the anterior surface of the crystalline, mak- 
ing it act as a convex mirror of less radius ; the change of posi- 
tion depends upon the protrusion forward of the same surface in 
consequence of the increased thickness of the lens in accommo- 
dation. The images a and c, formed respectively by the cornea 
and the posterior capsule, are not sensibly changed either in size 
or position ; proving that in accommodatjion there is no appreci- 
able change in the curvature of the cornea or in the curvature 
or position of the posterior surface of the crystalline. 

The mode iir which the action of the ciliary muscle 
is brought to bear upon the lens, whether by drawing 
forward and relaxing the suspensory ligament, or in 
some other manner, is yet an undetermined question : 
that it is not the result of marginal constriction of the 
lens by the iris, or ciliary processes, is proved by cases 
of congenital absence of the iris, in which the ciliary 
processes can be distinctly seen. An interesting case 
in the practice of Professor Von Graefe, in which the 
whole iris was accidentally torn away, shows also the 
same thing, the accommodation remaining unimpaired. 

Associated with this increase of thickness, and, there- 
fore, increased refractive power of the lens, during the 
effort of accommodation for near objects, we have cer- 
tain auxiliary changes in the iris. The most impor- 
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tant of these is the contraction of the pupil ^ by which 
the lateral rays, which require most refraction, are 
cut off, thus efficiently contril>uting to the formation 
of a clear image. The central part of the iris is also 
pushed forward and its peripheral portion backward ; 
but these changes seem to he a mechanical result of 
pi'essure, and probably only slightly modify percep- 
tion* 



Fig. 19. DCngTiim Ahowinpr ^ relnttfa cofidlUpa of the tye when at rest luul to 
»trau^ Q,cc<jsnma(laliofL (ufter Kt&zdct and tletmholi^ the aniiL^miy r)[n«.T Arlt). 




The ri^bb-liand half of the diagram reproatiuts the eye in a 
Btate of rest^ the left in full aceomtnodation for near vision^ the 
relative curvature of the cryatalline on tlie two mhin t:oiTes|>ond- 
ing quite accurately in scale to tlie ealculatloti!* of Kramer aud 
Iftdmhota. Tlje pupil is alao shown as projected forwarfl and 
sDtnewhat coutracte<l in aceoraraodation* It will be notieed that 
the ciliary proe esses do not* in either eaae^ touch the niai^in of 
tlie lens, an oliservation due to Von Graefe, and confirmed by 
other inveatigators* , 



Another coincident action occurs during the acconi- 
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modative effort, — a convergence of the axes of the 
two ^yes by consentaneous contraction of the internal 
recti muscles. In what manner the ciliary muscle be- 
comes reinforced by this external influence is not 
fully determined, but the fact is undoubted. 

It will thus be seen that the accommodative is quite 
another thing from the refractive power of the eye. 
Refraction is a passive condition, depending solely on 
the focal power of the transparent media ; so that the 
eye may be compared to an optical instrument, in 
which images are formed in accordance with well- 
known laws of physics. No change can take place in 
these images, except by an alteration in either the 
focal power or the position of the lenses. 

Accommodation, on the other hand, is a physiologi- 
cal action, the result of active muscular movements, 
which may be voluntary or involuntary, by which the 
conditions of refraction are changed, — such an altera- 
tion taking place in the form of the crystalline lens 
that its focal power is increased. That such is the 
case is proved by the suspension of the adaptive func- 
tion when paralysis of the ciliary muscle has occurred 
from disease, or has been artificially induced by the 
use of atropia, and by its total annihilation when the 
crystalline is displaced by accident or removed by oper- 
ation. 

Figure 20 represents the two halves of a myopic eye, the 
upper half in a state of rest, the lower half in full accommoda- 
tion for near vision. The refractive media are substantially the 
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tig. 2Cli Dlagnta lllOBtraUDe the actiaa of Uui accommodiitlvt: faulty Id the injopje 




(iame as in the emmetropic eye, but the retina occupies a posi- 
tion farthtT back than normal, owing to the elotigatJon of the 
eycbalL The relative position of the retina in the myopic as 
compared with the emmetropic eye is indicated by the elliptical 
outlines N'\ the dotted curve N representing the norraal condi- 
6on, In the upper half of the fi^re^ which f!ho;vs the eye at 
rest, paralk'l rays^ iiKlicated by the dotted line A, are brouglit to 
a focus at the nonual rllstanee of the retina N, but the actual 
retina W\ lyiu|^ a« it doe^ behind this point, is not in a position 
to receive the imaije* The result is, that the myopie eye, even 
when at perfect rest^ cannot see distant objects clt?arly ; the only 
raySf in fact, which ean form a distinct image n|>on the retifm 
W* are those wbieb emanate from a comparatively near object, 
say at A", and which are sensibly divergent. This jioirit A** 
represents, therefore, the extreme distance at which distinct vision 
is pct^ible, and h called the far point, puncium remoHsvi- 
mum (r). 

In accommodation, as shown in the lower half of the figure, 
the increased car\^ature of the crj^stalline flatly augments the 
refractive jiower of the cyc^ so a^ t^j brinf; to a twos u|X)n the 
Ttetina N" raya emanating from the ver^^ near point P, punctnm 
prozimum (p), which is considerably nearer the eye than in 
the normal condition. 
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power may be insufBcieiit to form a clear linage even with par- 
allel rayS| in winch case distinct visioa is impossible at any db- 
tatn^e except b^ the aid of glaases, 

Jtgit 22. Blagram lllmtmtjag nplmkia (abseooe oTt3>)ie crfstallkie) Knd Ita etSst^ upon 
TifliOD In the eionietroplo and in. the mjoiHd eye. 




Figure ^2 reprcicnuarfl!fiH|^^^^^^^BretalBne m want- 
ijignf either as the result of absorption or of removal by an operation 
ibr cataract, The refractive power which remains is too feeble 
to bring parallel rays A A to a focus at the retina N, but suffi- 
ces only to give them a convergent direction towards the point 
a, which is about three eighths of an inch behind tho normal po- 
aition of the retina N. Tlie feeble refractive power of the apha- 
kial, but otherwise normal eye, nced^i therefore to be strength- 
ened by the use of powerful eon vex glasses even for distant and 
atiU more for near vision ; if, however, the aphakial eye happens 
to be very strongly myopic, as indicated by the elongated outline 
a, the patient may enjoy perfectly clear vision for distant objects 
Without the aid of glasses. The still more elongated outline a" 
shows the extraordinary degree of elongation of the globe which 
inuat be assumed to account for a very remarkable case^ occui> 
ring under the care of the author, in which a patient after extrac- 
tion of cataract was able to read small type with ease at the dis- 
tance of twelve inches, and actually needed concave glasses for 
distinct virion at a distance. The course of the rays in this case 
is approximally indicated by the divergent dotted lines A" A"* 
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RANGE OF ACCOMMODATION. 

The range or latitude of accommodative power may 
be determined by employing small frames across which 
fine wires are stretched, or plates in which minute 
holes have been pierced, and measuring within what 
distances these are clearly defined. Or test types 
may be more conveniently used, and the nearest and 
farthest points noted at which they can be read with 
ease. 

Professor Bonders has proposed that the range of 
adaptive power shall be expressed by -^, and its value 
in any particular case determined by the formula 

i — i _i 
A"~P R' 

If, therefore, we have a normal eye, able to see dis- 
tinctly from four inches (4"), its near point (p), to 
infinite distance ( oo ) its far point (r), we have 

i — i— i=- (- = \ 

A "" 4 » 4 \» ~ V • 

Should the eye be myopic, having its far point (r) 
at eight inches (8"), and near point (p) at four inches 
(4"), we should find 

£_ 1 _ 1 _ 1 

A"~4 8"~8' 

The presbyopic eye, its far poiilt (r) at infinite 
distance ( oo ), and its near point (p) at twelve inches 

(12'0, has 1 _ 1 _ 1 ^ 1 

A 12 » 12* 
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The figures thus found represent the focus of an 
ideal lens which placed upon the crystalline would 
give to rays coming from the near point a direction as 
if coming from the far point. 

Another mode of de termini n 2 the range of accom- 
modatiou, proposed by Professor Von Graefc, consists in 
placing a strong convex glass, say of six inches focus, 
before the eye, and noting the near and far point at 
which No. 1 of Jaeger's test types can be read. Held 
at six inches distance, (the principal focns of the 
glass,) the rays passing through it would be parallel on 
emergingi and therefore would strike the eye as if 
they came from infinite distance. 

The rays from the far point (r') and near point (p) 
thus found are refracted by the lens as if they came 
from the real far (r) and near (p) points. 

The mode in which the accommodation* 13 found by 
the aid of the convex lens will be explained by the 
following diagram, 

Vlg* 23. DUgTiiia iUudtratlQf \he use oT n bdnveit letii in detennlnliiff (be TADtft of 



A , ^_^ 



Figure 23 represents the two halves of an emmetropic eye, the 
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ANOMALIES OF ACCOMMODATION. 

Among the principal disturbing causea aflTecting the 
adaptive power of the eye, we have three which de- 
serve special attention. 

One of these, presbyopia, is the effect of age, and 
sooner or later makes itself felt in most eyes as a 
limitation of the accommodation ; the others are, 
insufficiency of the internal recti muscles, and pa- 
ralysis of the ciliary muscle. 



PRESBYOPIA. 

Presbyopia, or old sight, was formerly supposed to 
be the opposite condition from myopia; the former 
being regarded as a deficient, as the latter is an aug- 
mented refractive power. It is now known that this 
opinion was erroneous, the refractive power for distant 
objects remaining undiminished in presbyopia ; par- 
allel rays being still brought to a focus ilpon the retina. 
The actual change consists in the recession of the near 
point from the eye, and a consequent limitation of the 
range of accommodation. Hence, although still able 
to read No. 20 of Jaeger or Snellen at twenty feet, 
there is difficulty in seeing small objects ; as, if close 
to the eye, the rays are too divergent to be united 
upon the retina, and if placed at the distance from the 
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eye to which the near point has receded, the images 
formed npon the retina are too small to he distinctly 
perceived. This recession of the near point is occa- 
sioned by an increase of hardness in the crystalline 
lens, 90 that its form can no longer he readily clianged 
and its. convexity increased by action of the ciliary 
muscle. 

The researches of Professor Dondcrs and others 
have proved that this change in the crystalline begins 
very early (in emmetropic or normal as well as in ame- 
tropic eyes), *— even at ten years of age, — and goes 
on^ gradually lessening, with advancing life, the ability 
to accommodate. At about the age of forty, the near 
point is at eight inches from the eye^ and it is now 
agreed to consider this distance as the point of com- 
mencement of presbyopia. In advanced hfe the far 
pomt may also recede, probably because the denser 
crystalline loses not only its susceptibility to a change 
of curvature but also a portion of its refractive power* 
Tlie eye tluis becomes not only presbyopic by limited 
accommodation, but hypermetropic by lessened refrac- 
tion. Glasses, of lower power than those used for 
reading, are then required for distant view. 

Presbyopia may be distinguished from amblyopia, or 
weak sight, by testing the visual power with convex 
glasses. A merely presbyopic eye ought, if provided 
with suitable glasses, to see No. 1 of the test tvpes as 
well as ever, at from eight to twelve inches distance ; 
while an eye in which the acuteness of vision is di- 
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minished, cannot see very small type at any distance, 
with or without glasses. 

As presbyopia is due to alterations of consistence in 
the crystalline lens, rendering its form less susceptible 
of modifications by accommodative effort, it follows, 
that myopic and hypennetropic, as well as normal 
eyes, are subject to this change. In myopic persons 
the range of accommodation is thus greatly limited. 
It is a mistake to suppose, as is often done, that shbrt- 
sightedness grows less with age, except that the change 
in the refractive power of the lens incident to old age 
may in some cases suffice to correct moderate degrees 
of myopia ; as, though a myope is able, and in fact 
compelled to place small objects ftirther from his eyes 
than formerly in order to see them well, yet as his far 
point remains the same, or nearly so, he is by no 
means the gainer by this shortening of the range of 
adaptation, — which has removed his near point from 
three to twelve inches, while his far point continues 
at, for instance, eighteen inches. 

Presbyopia, as we have defined it, cannot, however, 
occur in extreme myopia, where the far point is al- 
ready within eight inches. In cases where presbyopia 
supervenes upon hypermetropia we have even more 
serious disturbance of vision, for loss of accommodation 
is added to already deficient refraction. 

Practically, we may regard presbyopia as beginning 
when a person finds himself compelled to place small 
objects at an increased distance from his eyes, and to 
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seek a brightor light, which not only illuminates the 
objects on which it is thrown, but, by inducing con^ 
traction of the pupil^ admits fewer lateral pencils of 
light, and tlius lessens the circles of dispersion. This 
change generally takes place at about forty-five years 
of age, in eyes originally normal. 

When these symptoms of loss of adaptive power 
begin to be felt, the eyes should be aided by convex 
glasses of sufficient power to compensate for the defi- 
ciency ; otherwise they are fatigued by futile efforts, 
and yet more serious disability may result. It is 
useless to postpone wearing glasses, in the hope that 
the necessity for resorting to them may be overcome. 

In the upper hidf of Figure 1 5 we have an illustration of the 
<;c>iidit]on whit:!i exists in presbyopia- Parallel raj' a are brought 
to a iix'us upon the retina ; but the crystaJlinej having lost li^ sns^- 
ceptibility to change of form, ean no longer accommodate itself 
for divergent rays coming from the near point A» The increased 
refraction necessary to bring these rays to a focus at N (instead 
of at \\ where they would naturally unite) must there fiire bo 
obtained by placing a suitable convex glass before the eye, the 
effect of which on Tay» from the near point will be equivalent 
to that exercised by the crystalline in a state of fnll accommoda* 
t^on, as shown in the lower half of the figure. 



Such a glass should be selected as will bring the 
near point to a distance dependent upon the particular 
requirements of the patient, say eight inches or rather 
more, for reading, sewings &q. 

If, following Professor Donders, we accept 8'' as the 

6 
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Btarting-point of presbyopia, its degree may be simply 
expressed in symbols by the difference between -the 
assumed normal power of the eye when accommo- 
dated for near objects (i. e. ^) and the observed 
power of the presbyopic eye, which we may express 
by - . We have, then, the formula 



n 



8 n 

Now, if by testing an eye with small type we find 
its near point at twelve inches, we have n = 12 or 

- = --. The value of Pr then will be , 

n 12 

Pr=i--L = l, 

8 12 24* 

which simply means that a convex glass of 24" focal 
length will be required to neutralize the presbyopia 
and enable the patient to see with distinctness a small 
object placed at the distance of 8" from his eye. 

We must generally, however, give rather weaker 
glasses than those thus calculated, as the convergence 
of the optic axes at a shorter distance will otherwise 
bring the near point within less than eight inches. 
The weakest glass which gives distinct vision at the 
desired distance should be selected, especially if the 
range of accommodation is not extensive. 

A myopic person may, as he grows older, become 
also presbyopic, — and while still needing concave 
glasses for a distance, to lessen his excessive refrac- 
tion, may nevertheless require convex glasses for small 
objects, to obviate his loss of accommodation. 
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When presbyopia supervenes on hypermetropia, it 
gives rise to more distiirbance than when it occurs in 
a normal or a myopic eye- In hypermetropia all vis- 
ion, even for remote objects, requires an effort of adap- 
tation, whicli must be yet more increased if the eye be 
directed to near and rnimite objects. When, there- 
fore, the crystalline begins to yield less and less i-ead- 
ily to the accommodative effort, vision becomes more 
and more difficult at first for near, and afterwards for 
distant objects. We have here, therefore, to supply 
two convex glasses, one for distant vision, to compen- 
Fate for the want of refraction depending on hyperme- 
tropia, the other for reading, ifec, to supply both the 
deficient refractive power and the loss of accommo- 
dation- 

The usual formula for ascertaining the range of 
accommodation may also be applied in presbyopia. 



\A P R/ 



If the near point be at twelve inches, the far point at 
Infinite distance, we have 



Rapidly increasing presbyopia, especially if the pa* 
tient is in poor health or has been under depressing 
influences, is to be regarded with suspicion, — as it is 
not an unfrequent precursor of glaucoma. If tlierc- 
fore a patient has been obliged within a short period 
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repeatedly to augment the strength of glasses, inquiry 
should be made if any other symptoms have been ob- 
served, such as iridescent colors around the lamp, occa- 
sional loss of sight for a short time, or pain in or about 
the eye, — and we should examine if there be any 
increase of tension of tlie globe or evidence of com- 
mencing change in the optic disc. 



INSUFFICIENCY OF THE INTERNAL RECTI. 

It is not uncommon to hear complaints, especially 
from myopic patients, of inability to use the eyes con- 
tinuously, though they exhibit no serious changes when 
viewed with the ophthalmoscope, have good latitude 
of accommodation, and perfect acuteness of vision. 
If one eye is screened whilst the other looks directly 
forward we observe that the covered eye deviates out- 
ward, though it instantly assumes a position in har- 
mony with its fellow when the screen is removed. If 
a small object, a pencil for instance, is brought gradu- 
ally very near the eyes, they at first converge nor- 
mally towards it, but suddenly one or both eyes turn 
outward, as if wearied, — denoting insufficient power 
in one or both recti intemi. We can readily suppose 
that fatigue must here follow prolonged efforts to keep 
up the degree of convergence necessary for reading or 
other work requiring minute attention. The power 
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of converging the axes of the two eyes upon any near 
object is intimately connected, although in a manner 
not yet fully understood, with the function of accom- 
modation, so that any considerable disability of the in- 
ternal recti is in general associated with more or less 
disturbance of the accommodative faculty, giving rise 
frequently to asthenopia or fatigue of sight* 

If the patient employ his eyes very much upon 
small objectSj a con finned divergent squint is pro- 
duced. To avoid double vision, wliich necessarily 
occurs when exhaustion of the internal recti puts an 
end to the proper convergence of the eyes, the eye 
most deficient in power turns yet more outward, and 
gives up all attempt to share in the \4snal act, — neg- 
lecting altogether the image formed on a part of ita 
retina which does not correspond with the place of 
formation of the image in the stronger eye. 

Insufficiency of these muscles may be sometimes 
relic %^ed by persevering and careful exercise with 
prisms, to overcome M^hich, and avoid the formation 
of double images, the muscles arc forced to increased 
exertion. But in most cases division of the external 
rectus affords the most speedy and effectual means of 
cure, — though it is generally necessary, and almost 
always where the myopia is considerable, to advise 
also the use of concavo glasses in order to obtain the 
full benefit which should result. 
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PARALYSIS OF THE CILIARY MUSCLE. 

Loss of power in the ciliary muscle is not an infre- 
quent consequence of diphtheria, and may also follow 
other exhausting diseases, — or it may occur in syphi- 
litic or chlorotic conditions of the system, — or as a 
result of cerebral disorder. 

The ciliary branch of the third pair may be alone 
paralyzed, or the branches supplying the iris and those 
distributed to the external muscles of the globe may 
be simultaneously affected. In the former case the 
contractility of the pupil and the various movements 
of the eyeball remain unimpaired ; the higher degrees 
of the affection are marked by mydriasis and diver- 
gent strabismus. 

The effect of ciliary paralysis upon vision varies 
greatly, according to the refractive condition of the 
eye. Consisting, as it does, in a loss of accommoda- 
tive power, it will be most felt by those patients who 
depend most upon that power in the ordinary use of 
the eyes. It follows, therefore, that a strongly hyper- 
metropic person who exercises his accommodative fac- 
ulty in every act of vision, even of the most distant 
objects, will altogether lose the power of seeing any 
object with distinctness; an emmetropic eye, on the 
other hand, loses only the power of seeing near ob- 
jects clearly, but remains unimpaired for distant vision ; 
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while a myopic eye, wliicli withoat the exercise of 
accommodation sees distinctly at the distance of a few 
feet, becomes aware of tlie loss only when looking at 
very near ohjects. 

An artificial paralysis may he temporarily produced 
by the use of solutions of atropia of four grains to an 
ounce of water, A weaker solution suffices to dilate . 
the pupil, but does not wholly suspend the action of 
the ciliary muscle. 

General tonic treatment is in these cases of the first 
It n porta nee. 

At the same time, repose from accommodative 
efforts is to he obtained by giving the patient such 
convex glasscis as will allow him to see distinctly with- 
out exertion. 

As the system regains its normal condition and the 
power of the ciliary muscles is gi'adually restored^ the 
strength of the glasses may he diminished, and they 
may be used less and less, and finally altogether dis- 
pensed with* 

The extract of Calabar bean, applied to the eye, 
has been of great use in some cases of this affection, 
anfl gi%'es promise of rendering exceUent service as a 
means of treatment. 
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SPASM OF THE CILIARY MUSCLE. 

In this rare affection the crystalline appears to be 
continually acted upon, and a state of excessive but 
varying convexity of its surface is kept up, so as 
greatly to interfere with, or even wholly* to prevent, 
the voluntary exercise of the accommodative function. 
Distant objects are therefore seen very indistinctly; 
and although those near the eye are seen clearly for a 
short time, the effort of close attention soon fatigues. 

This morbid condition is oftenest met with in per-' 
sons who use the eyes continuously for fine work. It 
sometimes comes on suddenly. Temporary spasmodic 
action is occasionally induced where the extract of 
Calabar bean has been employed as a local remedy. 

In combination with such treatment as may be indi- 
cated for lessening nervous sensibility and improving 
the general health, we should enjoin rest from feitigu- 
ing employment of the eyes ; — and even, if necessary, 
place the accommodative power in repose by paralyzing 
the ciliary muscle by njeans of a solution of atropia. 
The use of convex glasses may often be advised for a 
time, in order to insure complete rest from accommo- 
dative efforts. 
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ANOMALIES OF REFRACTION. 

An emmeti*opic or optically normal eye has, in a 
state of rest, a refractive power capable of concentrat- 
ing parallel rays to form a distinct image upon the 
retina, — and furthermore, possesses the faculty of iii' 
creasing this refraction, hy the exercise of accommo- 
dation, to a degree which admits of the formation of a 
well-defined image fi'om even strongly divergent rays. 

I^ut there are eyes which have not normal powers 
in a state of rest, and in which no change in the cur- 
vatxire of the crystalline lens which is within the ca- 
pacity of the ciliary muscle to eflect is sufficient for 
perfect accommodation. Such abnormal eyes owe 
thoir defect to one of three conditions, generally inhe- 
rent in the construction of the globe ; — the optic axis is 
either too long, giving excessive refractive power, and 
constituting myopia i or it is too short, causing in- 
sufficient refraction, or hypermetropia ; or the sur- 
faces of the cornea or lens may present an unequal 
curvature in different meridians, creating irregular 
refraction, or astigmatism. 



Figure 25 represents section 9 of three tlifferent eyes, the outer 
or elongated eOiptieal cm time being that of a myopic eye, the mid* 
die or oircular outline being that of the cmmetropie or normal, 
eye, and the inner or i3attened elliptical outline being that of a 
hypermetropic eye. Tliey are aU represented as iu a slate of 
6* I 
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FIff- 2&, DlAgt«iD flhowJng tint mlbllra form of tbc mrofici emueh'dpic. and 




reatT that is» without the exercise of any accommodative jiower. 
The oiyopic eye, from its long antero-posterior diameter, is capa- 
ble of converging upon it^ retina at W\ divergent rays emanating 
irom a point A", which is its far point for distinct vision ; the 
emmetropic ey^, under the eanjc conditions, can only bring to a 
focus upon ita retina at N jiarallel rays A A, or those wbieh 
emanate from very distant objeela ; while the hypermetropic eye, 
with its antero-posterior axis abnormally short, has .such a defi- 
ciency of refractive power that it can only bring to a focuB upon 
ite retina at N^ rays already eonvei^gent as A' A^ Each of tbeso 
three kinds of rays is shown by a >. particular style of engraved 
line ; and it will be observed that while each set comes to a ibeus, 
and so forms an image at the retina of the eye for which it is 
adapted, the others are received either before or after reaching 
their respective points of convergence, and ao form either mere 
circles of diffused light, or at best but very vague aiid confused 
pie t urea of external objects » 

This figure also explains the reason for the dimiuisbeii aeute- 
ness of Yjsion often existing in myopic eyea* Inasmuch aa the 
retina, which in a normal eye would occupy the space shown by 
the line H N H, has become distended over the larger surface 
^H N^' H^ its nerrous elements, being thus diffused, are capable 
of receiving a less vivid impression of an image fbrmed upon any 
given superficies. 



m^opu. 
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Various causes were formerly assigned for short: 
dglit, — too great convexity of the eomea or of the 
crystalline, a misplaceraent of the latter, etc. Recent 
tjbsen^ations have proved that it depends, not upon 
these supposed causes, hut upon an elongation of the 
antero-posterior diameter of the eyehall, involving a 
faulty position of the retina with reference to the 
cornea and cn^stalUne. The result of this abnormal 
conformation is, that the retina lies behind the principal 
focus of the eye, so that parallel rays coming from dis- 
tant objects are received upon that membrane in tho 
form, not of a distinct unage, but of more or less vague 
circles of dispersion* Divergent rays, on tho other 
hand, coming from near objects, may converge to a 
focus upon tho misplaced retina» anil thus afford dis- 
tinct vision without any exercise of the accommodative 
faculty- Vision is therefore perfect for near objects, 
but more or less defective for distant ones. See 

F(g. 25. 

Measurements by Professor Donders and others 
have shown a length of from one and one fifth to one 
and two fifths inches in some myopic eyes ; whilst 
others, in which hypermetropia^ the opposite refractive 
condition, existed, had an an tero- posterior diameter of 
less than four fiftlis of an inch. See Fig. 25. But 
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the perceptive power, by extending the nervous e 
ments of the retina over a larger space than that n 
urally occupied. See Figs. 25 and 26. 

This expansion of the nervous elements o^ 
a larger. space than normal (see Figs. 25 and 26) \ 
explain the fact, that even with the best adapted c< 
cave glasses the vision of many myopes is still v< 
imperfect for distant objects ; for it must be reme 
bered that concave glasses, while they increase 
distinctness of the retinal image by bringing para 
rays to a focus at the proper place, may neverthel 
so far diminish its size, by displacing the optical cen 
of the eye, as in part or wholly to neutralize the 
vantage gained by clearer definition. Myopic pers 
have, in fact, very often a certain degree of ami 
opia. 

Near sight is most common among the better e 
cated classes of society ; and, in the laboring class 
more frequent among the artisans of cities than 
agricultural population. The reason is obvious; 
hereditary predisposition may exist in an equal ni 
ber of both classes ; but it is far more likely to be 
veloped in those whose attention is mostly directed 
minute objects observed at short distances from 
eyes, and with the head bent forward so as to fa 
congestion of those organs, than in those t 
scarcely use the eyes for other than large and dist 
objects. In the latter class the influence of hen 
tary predisposition may remain inoperative. 
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A moderate amount of stationary myopia is scarcely 
a defect, and involves no future dangers ; but where 
the affection is considerable and progi'essive it consti- 
tutes a positive disease, the course of which should be 
watched and its advance prevented, lest, if tmchecked, 
it terminate in separation of the retina, disorganization 
of the choroid and vitreous, and deteriorate J or ru* 
ined vision* The frequency of posterior staphyloma 
should lead us to assure ourselves, hy means of the 
ophthalmoscope, as to its presence or absence, and 
whether, if present, it be complicated with inflamma- 
tory symptoms. Should such be discovered, it will be 
important to avoid all employment which might in- 
duce congestion of the eyes and thus increase the 
staphyloma, and, if necessary, we should advise anti- 
phlogistic or other treatment. Blue glasses are often 
highly servieeable under these circumstances, as by 
neutralizing those rays of the spectrum which are the 
most irritating^ they favor the subsidence of ocular 
congestion i 

It is evidently useless for persons affected with my- 
opia to deprive themselves of the very great aid to be 
derived from the proper use of glasses, in the hope 
that with advancing years their vision may become 
normal. 

Something, it is true, may be gained by long-con- 
tinued training, and a slight change results as age ad- 
vances, from a diminution in the refractive- power of 
the crystalline (hypermetropia acquis! ta). But, ex- 
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cept in very slight cases, the gain thus eventually 
obtained is insignificant, and in the mean time the 
sacrifice in enjopng no really distinct perception of 
distant objects is very great, 

f (^. 2d, Mjopta corrected lny the uk of a coacave Iseil 




Figure 26 represents a myapic eye at restj in which condi^on 
the divergent rays from lis far point A" are refracted to a focus 
upon its retina W\ Parallel rays A A being, utitler the same 
conditions » refracted to a f(xms at the normal yx^ition of the re- 
tina N* By the interposition of the concave lens L the parallel 
raj*g A A are rendered divergent bo as to enter the eye in the 
same direction as if emanating directly irom A", and are thus 
made to converge to a focus upon the actual retina W\ 

The degree of myopia in any particular case is 
measured by the far point (r) for distinct vision, and 
is expressed by the Ietter*M. It may be veiy easily 
and exactly determined by means of Jaeger's, or still 
better Snellen's test letters, or those appended to this 
volume* A person with good vision will distinguish 
the different sizes of letters at the appropriate distan- 
ces with about equal facility. A myope, on the other 
band, w\\l distinguish the smaller letters held near the 
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eye while he will fail to read the larger letters at a 
greater distance. If now a myope reads Nos, 1, 2, 3, 
and 5, at the distances respectively of 1, 2, 3, and 5 
feet, hut fails to distingaish Nos* 8, 10, 12^ and 20, at 
1 8, 10, 12, and 20 feet^ we decide that his myopia is of 
very low degree, and represefnt it hy a fraction having 
for Its numerator unity, and for its denominator the 
nuniher of inches at which the corresponding si^e of 
type is clearly read^ that is, No. 5 being read at the 
distance of 5 feet, or 60^', we have 

which means that the excessive refractive power of 
the eye is equal to a convex lens of sixty inches focal 
length, and that to neutralize it will require a concave 
lens of the same negative focus. 

If nowj to take another example, we find that the 
patient sees No. 2 clearly at two ftet or 24 inches, but 
cannot distinguish No. 3 at three feet^ or the larger 
sizes at corresponding distances, we say that in his 
case 

and will require a negative or concave glass of 24 
inches focus. 

This test, aUhough a convenient one, is subject to 
many sources of error, and the results obtained hy it 
should therefore he taken as approximations only to 
the real degi-ee of M, It serves, however, to suggest 
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to US a suitable glass with which to try the patient, 
and we can then easily correct it in the following 
manner : — 

Suppose that in the second case which we have just 
instanced, we try the patient with a pair of 24-inch con- 
cave glasses, and direct him to look at a distant object, 
say No. 20 of the test types, at 20 feet distance, — he 
will probably at once perceive a very great improve- 
ment ; if now we place in front of his glasses a second 
very weak pair, say No. 60 concave, and if with this 
addition vision is further improved, the glass we are 
testing is too weak ; if with it vision is not more dis- 
tinct, but on the contrary is made better with convex 
60, the glass is too strong. If not improved by adding 
either a weak concave or convex glass, the one first 
selected is the best the patient can have. 

Should the addition of the second pair of weak 
glasses result in greater distinctness of vision for dis- 
tant objects, the correction may be applied by the fol- 
lowing formula: — 

h±a 
ah 

that is, the focal distance of the corrected glass (x) is 
equal to the sum or the difference of the focal lengths 
of the two glasses divided by their product. 

Should a myope desire glasses for reading as well as 
for viewing distant objects, he may often, with advan- 
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toge, use a pair of less power than those he requires 
for far sight. Should his far point he at 6 inches^ and 
he wishes to read at 12", the requisite glass would he 
indicated by the formula, — -^ + — ^i- - — -. If he 
has good power of accommodation, and his eyes do not 
exhibit posterior staphyloma, he may be even allowed 
to wear glasses for reading which are sufficiently 
strong to completely neutralize his niyopia. But 
sliould he have limited power of adaptation, and at the 
game time amblyopia arising from distention of the 
fimdtvs of the^globe, it will scarcely be prudent to per- 
mit tlie use of any glasses for near vision* 

It is important to ascertain the amount of accommo- 
dation in myopic eyes, to aid us in deciding whether 
or not glasses should be allowed for near objectSp Pro- 
fessor Donders determines this by first giving such 
glasses as render distant objects most distinct. The 
patient is tlien directed to read No, 1 of the test types, 
and the distance of the near and the far point, which 
gives the latitude of accommodation, is noted. The 
accommodation may also be measured without concave 
glasses, by observing the distance at which No, 1 can 
be read. If, for instance, the far point (r) is at 6, and 
the near point (p) at 3 inches, we have A ^ - — -\ 
that is, 1 t 1 



A = 3- 



But the convergence of the opttc axes at short dis- 
tances renders this method less positive in its results 
than that previously given < 
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Glasses worn for distant vision should be of the least 
power which will afford sufficient distinctness ; as the 
eyes are directed only a small part of the time to far 
distances, but more frequently to objects which are 
comparatively near. Should the glasses have too high 
power, they will be too strong for looking at these 
nearer objects, and will require efforts of accommoda- 
tion, — from which the eye should be spared as much 
as possible. 

Glasses of the same focal power should generally be 
used for both eyes, even where they have different 
degrees of myopia ; as less confusion is practically 
found to result than where we attempt to adapt a glass 
to each eye. The glass chosen should in most cases 
be that which suits the least myopic eye. 

When intended for distant vision the centre of the 
glass should be in front of the centre of the cornea. 
Otherwise the eye looks through the edge of the lens, 
and the effect is more or less that of a prism. But if 
designed for reading, the lenses may be a little less 
separated from each other, and thus adapted for the 
convergent position of the optic axes. 

We owe to Professor Bonders the demonstration of 
an interesting fact in relation to myopia, — that it 
is the most frequent cause of divergent strabismus. 
The phenomena arising from this affiliation will be 
explained when speaking of the last-named affec- 
tion. 
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HYPERMETKOPIA. 



It is only within a few 3^ears that this afEiCtioTi, the 
opposite of myopia, can be said to have been fully rec* 
ognized in its true character. Many cases occurred^ 
it is true, troublesome to physician and patient, in 
which no obvious symptoms existed^ and where vision 
was perfectly good ; but where the eyes were hicapa* 
ble of continued use, especially upon small objects, 
without experiencing so much fatigue as to compel 
suspension of their employment. 

The researches of Professor Donders have shown, 
that in a large proportion of these eases the caose of 
the inability is to be found in hypermetropia, or defi- 
cient refractive power* 

This condition, like myopia, generally depends on 
defect of construction of the globe i the antero-poste- 
rior diameter being too short, so that parallel rays 
are brought t^ a focus at a point behind the retina- 
S«e Fig. 25. 

As, therefore, only convergent rays can be concen- 
trated to a distinct retinal image when the eye is at 
rest, and even parallel rays from remote objects require 
an effurt of accommodation, we can understand the 
pain and fatigue resulting from long-continued use for 
near objecLn, from winch divergent rays only are re- 
ceived. At first, however, these objects are seen 
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clearly, for the eye is capable, pro tempore^ of the 
requisite accommodative effort ; but thia strain of the 
cHiary muscle cannot be long kept up without produ- 
cing a sensation of lassitude and discomfort, which 
presently extends from the eye to the brow, is fol- 
lowed perhaps by a loss of clearness of perception, and 
at length compels a cessation of the occupation which 
requires such tension. The eyes being left for a while 
in repose recover their adaptive power, and can be 
again used for a time, to become a^in disabled by a 
recurrence of the symptoms after a longer or shorter 
period. 

Fi^. ^, nyperEDt'tjn>|jia correcteil by the iiw of a O0OY&3£ lens. 




Figure 27 reppcisents a liypermetropic eye at rest, in which 
i?oiiditioti the convei:^t:tit rajs A' A* are rtifra<^t<Ki to a foe 113 upon 1 
ita retina N\ Parallel ra^-a A A being, utiflwr the ^ine condi- 
tions, refraftoti to a foe m at the normal position of the retinn N* 
By the int<?rpoaitiou of the convex lens L^ the parallel rays A A 
are rendered conver^nt, and thus ^Dter thfj eye in such a con- 
dition as permits the formation uf a dtstiucl image upon the ac- 
tual retina W. 



As in myopia, a peculiar form of tbe eyeball may 
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be observecl on inspection. The patient being told to 
look strongly inwards, we find at the outer carithus an 
evident shortness of the globe from before backward* 
It does not fill the space at the outer angle like a my- 
opic-, or even a normal eye, but its posterior surface 
shows a rapidly retreating curve. Its antero-posterior 
diameter has perhaps only four fifths of the length of 
the normal standard. In extreme cases the globe has 
the shape, as contrasted with a myopic eye, that a 
turnip has compared with an egg. 

At a given distance the image of any object will be 
smaller in a hypermetropic than in a normal eye ; as, 
from the shortness of the axis, the optic centre will be 
nearer the retina. The near point of distinct vision 
will of course be farther from the eye, 

Hypermctropia involves no such progression and 
tendency to deterioration of structure and fiinction aa 
we too often find in myopia, where, as we have seen, 
there is frequently a disposition to staphyloma of the 
sclerotic^, atrophy of the choroid, anrl distention or 
even separation of the retina* It is a permanent con- 
dition ; modified, however, in advancing age, by su- 
pervening presbyopia, — the symptoms arising fi-ora 
the original conformation being thus increased* 

It IS found that the actual degree of hypcrmetropia 
cannot always be estimated by tests with glasses, as 
the amount of myopia may be ; and that it is fre- 
quently necessary to add to the mamfest a certain 
amount of latent hypermctropia, in order to have tlie 
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sum of the absolute affection. The reason of this can 
be explained in few words. 

A person having a normal eye sees large objects at 
a distance perfectly well, without making use of any 
accommodative power, — which he reserves for smaller 
and nearer objects. But if hypermetropic, he does 
not see even distant objects clearly, when the eye is 
passive, but is compelled to bring into use a. portion of 
his accommodation. This he may do unconsciously, 
and in so doing may mask and render latent a part of 
liis hypermetropia. Thus, though having no apparent 
hypermetropia, he has less accommodative power in 
reserve for the perception of minute objects, and soon 
experiences symptoms of asthenopia or fatigue of the 
eyes, if he employ them a long time continuously upon 
such objects. Especially is this true where, as is often 
the case, a high degree of hypermetropia is associated 
with a limited range of accommodation, and where the 
effort necessary for the formation of distinct images 
would be, perhaps, twice what would be requisite in a 
normal eye. 

To ascertain the amount of absohite hypermetropia, 
and determine how much has been rendered latent by 
exertion of the accommodative power, it is necessary 
to paralyze the ciliary muscle by atropia. A drop or 
two of a solution of four grains of the sulphate in an 
ounce of water is applied to the eye, and requires some 
two hours for its complete effect. 

Only one eye at a time should be subjected to its 
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action, that too much Inconvenience may not be felt; 
as until its effects liave subsided it is difScult to see 
small objects. 

If we then place the patient at a distance of twenty 
feet, we find that to read N^n. 20 of Snellen's or of 
otu' test-types, — which a normal eye can do even 
after mydriasis and paralysis of accommodation, — he 
requires the assistance of a convex lens ; or if pre* 
viuusly needing glasses for viewing distant objects, he 
now requires a much stronger one than before the snar- 
pension of bis accommodative power* 

The glass which is now required for distinct vision 
at a distance is the measure of the absolute hyperme- 
tropia, wbicli we may express ttius^ 

*^ = H' i' •=*•=■ 

If, without having paralyzed the ciliary mnscle, we 
giv^e a patient such a glass as seems to be sufficient for 
him, he may find his symptoms only partially relieved. 
We have, in fact, only taken account of the apparent, 
and have ignored, what is perhaps even larger in 
amount^ the latent liyperme tropia. 

On the other hand, if we at once give glasses strong 
enough to neutralize the absolute bypcrmetropia, we 
perhaps only increase the patient's discomfort, for as 
he cannot immediately lay aside bis habit of constantly 
employing a considerable amount of accommodation, 
we give bim an excess of refractive power, and virtu* 
ally render him myopic. He may, therefore, be al- 

7 J 
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lowed weaker glasses at first, — sometimes of even 
less power than suited him previous to the use of atro- 
pia, — their strength being afterwards increased, as his 
habit of continuous accommodation is gradually laid 
aside, till he reaches the power which is equivalent to 
the amount of his hyper met ropia. 

Theoretically, it is for the advantage of the hyper- 
metrope to wear his glasses constantly, even for dis- 
tant sight, — as he thus avoids tasking his accommoda- 
tive power for such purposes, but keeps it in reserve 
for near vision. But few persons are willing to do 
this, inasmuch as vision is very often perfect at a dis- 
tance without glasses, and in nearly all cases the pa- 
tient is able, at least during early life, to discern large 
objects sufficiently well for most purposes. Where, 
however, there is a high degree of the affection, its 
subjects usually resign themselves, even from youth, 
to the use of glasses, and nearly always in advanced 
age require two pairs, the weaker for distant vision 
and the stronger for reading. 

The latitude of accommodation may be tested by 
first adapting to the eye such glasses as completely 
neutralize the hypermetropia, and then measuring the 
nearest point at which small objects can be distinctly 
seen. 

A high degree of hypermetropia is by no means 
rare in childhood, and is often hereditary. Its exist- 
ence or absence should always be determined by an 
examination if the eyes readily become fatigued by 
use. 
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Hypermetropia to a slight extent becomes a normal 
condition, even in emmetropic eyes, at an advanced 
age, the far aa well as the near point receding from 
•tiie eye. 

As Professor Donders was the first to announce the 
extreme frequence of hypermetropiat so we owe to 
him the demonstration that this condition of refraction 
is tlie usual cause of convergent, as myopia is of di- 
vergent strabismus. 

We lm\^e seen that the hypermetrope is compelled, 
even for distant vision, to employ a portion, and often 
a large portion^ of liis accommodative power, leaving 
little to be devoted to the perception of near objects. 
"When, therefore, he has occasion to give his attention 
for some time to very small and near objects, he en- 
dcavors to reinforce his adaptive power by increased 
convergence of the optic axes. This forced exercise 
of the internal recti creates after a time a constant ex* 
cessive action of these muscles ; and the squint, at first 
only occasional, becomes at last a permanent obbquity. 
It is thus that strabismus oftenest becomes developed 
at an age when the child first begins to look at things 
with intentness. 

Early performance of an operation for removing the 
infirmity is extremely important* Otherwise the 
squinting eye, if one be more affected than its fellow, 
is thrown out of use, and the impressions made upon 
its retina, not harmonising with those in the other eye^ 
«oon come to be disregarded | the perceptive power 



.148 RECENT ADVANCES IN OPUTHALMIC SCIENCE. 

becomes then speedily impaired by disuse, and it can 
never be restored if the operation be too long de- 
layed. 

The use of glasses after the operation ought, in 
many cases, to be advised, that relapses may not 
occur from the persistent influence of the hypermetro- 
pia, the original cause of the deviation. 



ASTHENOPIA. 

It has been already remarked that asthenopia, or 
fatigue of the eye after having been intently used for 
a long time, often depends upon hypermetropia, which 
calls for excessive exercise of the accommodative power. 
It may be relieved, in these cases, by rest and the use 
of such convex glasses as obviate the necessity for 
much accommodative effort. It is this accommodative 
asthenopia which, by inciting for its partial relief an 
inordinate action of the internal recti, gives rise to con- 
vergent strabismus in hypermetropia. 

A similar fatigue (asthenopia musculans) may also 
arise from insufficient power of the internal recti mus- 
cles, in myopic patients, causing them to become read- 
ily exhausted by efforts at convergence, and favoring 
the development of divergent strabismus, so commonly 
associated with myopia. This form of asthenopia may 
sometimes be relieved by the use of concave glasses 
for near as well as for distant vision. 



ASTIGMATISM. 



149 



Even in a normal eye, too prolonged attention to 
minute objects may induce similar evidences of fa* 
tigue, constituting yet another variety of aatlienopia, 
and rest and tonics are often of great service in reliev* 
ing the symptoms and restoring the ability to btjar 
continuous effort. 



ASTIGMATISM. 



We owe to English scientific men. Dr. Young, 
Airy the astronomer, and others, the first descriptions 
of astigmatism, as observed in their own persons ; but 
these were till ktely regarded only as curious and ex- 
ceptional Instiinces* Professor Donders has recently 
greatly extended our knowledge of this anomaly of 
refraction, and pointed out the comparative frequency 
of its occurrence. 

Astigmatism results from a want of symmetry in 
the curvature of the cornea, in consequence of which 
its refractive power is unequal in different meridians. 
The images formed by such rays as converge to a 
focus upon the retina are therefore confused and ren- 
dered more or less indistinct^ in one or the other direc- 
tion, by the simultaneous formation of a vague circle^ 
or rather oval, of dispersion, A similar irregularity 
of curvature may exist in the crystalline, giviog rise 
Uy mmilai: visual disturbance; but this is of compara- 
tively rare occurrence* 
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In nearly all eyes there is a slight variation in tli 
refraction of rays in different planes, — the geners 
rule being, that rays entering the eye in a vertical ar 
sooner brought to a focus than those in a horizonts 
plane. The near point is therefore somewhat nearc 
for horizontal than for vertical lines. This slight d( 
gree of astigmatism, which may be termed normal, 
not sufficient perceptibly to disturb vision. 

An irregular refraction sometimes results from h 
sions of the surface of the cornea produced by ulcers 
tion, which may cause confused or double vision in th 
affected eye. But these deviations are not to be ren 
edied by the means which relieve astigmatism, and d 
not require consideration here. 

In astigmatic eyes vision is disturbed in such a mar 
ner that the patient finds it difficult to describe h 
symptoms ; but on testing his sight, it is evident tlw 
it has not the normal acuteness, and that it is improve 
in a slight degree only by ordinary convex or corica\ 
lenses. On desiring him to look at test lines, of equi 
length and breadth, placed parallel to each other, - 
some of them in a vertical, some in a horizontal pos 
tion, — we find that he sees one set of the lines moi 
clearly than the other. A square appears elongate 
to a parallelogram, and at the same time less sharp! 
defined in the direction of its length. A small roun 
hole in a screen, behind which is a bright light, seere 
oval or even linear. If large Roman letters are looke 
at, at twenty feet distance, some of the lines will I 
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rly seen, while those at right angles with the first 
will appear blurred or of double contours. On looking 
through a stenopseic disc, (a metal plate perforated 
with a narrow slit,) held in a proper direction, the 
can fusion disappears* 

This forms, perhaps, the readiest method of deter- 
mining the direction of astigmatiHsm. Its degree is 
ascertained by placing convex or concave glasses be- 
fore the slit, until we find with what number vision is 
clearest. 

The glasses adapted to neutralize this abnormal re- 
fraction are cylindrical in curvature, instead of being 
ground to a uniform convexity or concavity. Such a 
glass causes no deviation of rays in the plane of its 
a.vis, and this should therefore be placed to correspond 
with the meridian iri which refraction is normal* Rays 
passing through other planes of the lens will be re- 
fracted, — those most of all which pass through the 
meridian at a right angle to the axis, — which is pre- 
ciiely the line of greatest astigmatism. 

The glasses must he convex cylindrical or concave 
cylindrical, according as the astigmatism is hyperme- 
tropic or myopic- If we have no normal meridian, 
b [-cylindrical or sphero-cyhndrical glasses must be 
employed, tlie curvature of the two meridians being 
adapted for those needing rectification in the eye in 
question, Bi-cylindrical glasses are appropriate to 
cases of mixed astigmatism, where one meridian is 
myopic, the other hypermetropic ; sphero-cylindrical 
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are suited to compound astigmatism, where both me- 
ridians have myopic or hypermetropic deviation, but 
in different degrees. One surface of the glasses is 
therefore ground with a spherical curve to correct the 
simple hypermetropia or myopia, and the opposite 
surface with a cylindrical curve to correct the astigma- 
tism. 

Great care is required in setting cyHndrical glasses ; 
as even a slight want of correspondence between 
tlie meridian of deviation and the proper relative po- 
sition of the glass almost annuls its effect. The glass 
is to be turned before the eye till the vision becomes 
clearest, and at this point should be marked by the 
optician so that it may be set in the frames in pre- 
cisely the same position. The frames should be well 
fitted to the wearer, as even a very slight obliquity 
or tilting of the glasses lessens their beneficial effect. 
For this reason spectacles are usually to be preferred 
to eye-glasses, as they keep more steadily their proper 
position. 

The cylindrical glasses are required for all purposes ; 
both near and distant objects seeming blurred and dis- 
torted without their aid. 

The pleasure experienced by those who thus, for 
the first time in their lives, see with perfect distinct- 
ness, is very great. 
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STRABISMUS, 



The whole pathology of this affection has within a 
brief period been carefully reinvestigated, with results 
which have well repaid the attention wliich has been 
bestowed. Strabismus is no longer regarded as a 
mere deformity, but is found to have intimate relations 
with the function of the eye as an organ of vision. It 
has been demonstrated, that, as a rule, it is not a 
primary disease, but, at the outset, merely a symptom, 
occasioned by certain conditions of refraction ; but 
it is also proved, that, once confirmed, it may act in 
its turn, most injuriously, as an efficient cause of dete- 
rioration and even extinction of visual power. 

In a large majority of cases where strabismus has 
continued for any great length of time, especially 
where the deviation shows itself usually in one eye» 
we find that vision is less perfect in the eye most af- 
fected. This is in consequence of a gradual decline 
of power, from the fact that the visual axes, (the lines 
drawn from the macula lutea, in each eye, through 
the optic centre, towards the object looked at,) cannot 
be brought simultaneously to bear upon the desired 
point. Vision is therefore confused, — images of ob- 
jects being formed upon parts of the retina whicli 
do not correspond. To escape, then, the perplexity 
which resuhs from double sight, all attempt at binocu- 
7* 
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lar vision is abandoned, and the image formed upon 
the retina of the deviated eye, being received at a 
point less favorable than the macula lutea for distinct- 
ness of perception, is disregarded by the brain, till, 
at length, perceptive power, from lack of exercise, is 
almost wholly lost in the disused eye. 

We may ascribe to Professor Bonders our present 
knowledge of the intimate relation existhig between 
the form of the eyeball and a largo proportion of the 
cases of strabismus; so that, to translate his own 
words, "It is only exceptionally that we find conver- 
gent strabismus without hypermetropia ; and diver- 
gent strabismus is almost always a consequence of 
myopia." 

CONVERGENT STRABISMUS. 

The almost invariable coexistence of hypermetro- 
pia with convergent strabismus is explained by the 
mutual dependence of the movement of convergence 
of the internal recti muscles and the act of accom- 
modation. As in hypermetropia the accommodative 
power must necessarily be exerted in a high degree, 
it follows that its associated function, convergence, by 
which this power is reinforced and enhanced, will be 
perpetually called into exercise. This takes place in- 
stinctively, in obedience to the dictates of the " mus- 
cular sense," as we may term it, — in order that the 
asthenopia which ensues upon strain of the accommo- 
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da t ion may be avoided. Being thus brought fre- 
quently into play, and often maintained for some time 
in a state of tension, the recti interni acquire more 
power, whilst, on the other hand, the external recti, 
from relaxation and disuse, become relatively feeble* 

It is probable that the frequency with which the 
earliest manifestations of strabismus are observed after 
some of the diseases of childhood, especially after thos© 
which have more or less of a nervous element, (as, for 
instance, whooping-cough, which is perhaps in popular 
opinion the most comuion of all the causes of strabis- 
mus,) may be due to the partial paralysis of the power 
of accommodation which is often one of the sequels 
of these affections. If the disease^ followed by this 
partial paralysis, has supervened about the period 
when the child first begins to pay close attention to 
objects, we may I'cadily understand ho^v an effort may 
be made to compensate for the deficient adaptive power 
in the ciliary muscle, by increased action of the inter- 
nal recti in convergence. 

The same reasons will explain what is termed inter- 
mitting strabismus, — the deviation only showing it- 
self when the eyes are looking at near objects, — the 
very time when accommodation is being called into 
play. They will also account for another variety of 
intennitting strabismus j where the obliquity is niani* 
festcd only wJien the child is fatigued, unwell, or 
in a state of ner\'ous excitement from fright, diffi* 
deuce, &c. 
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In these various instances the ciliary muscle, receiv- 
ing an insufficient nervous stimulus, contracts too fee- 
bly to produce the requisite changes in convexity of 
the lens, and the accommodative power is therefore 
instinctively supplemented by the auxiUary action of 
the internal recti. 

If we examine each eye singly, screening the other, 
and direct the patient to look at an object at a dis- 
tance of a few feet, we find, in cases of ordinary con- 
vergent strabismus, that either eye is capable of being 
directed towards the object, while the other eye 
squints for the time being. This deviation of the 
more healthy eye is termed the secondary squint, and 
is in most instances equal in degree to that of the 
chiefly affected eye ; though, where the strabismus 
is of long duration, the usually deviated eye is less 
able than the other to bring its visual line to a given 
point of the object looked at. The fact that the 
squinting eye changes its position, and looks forward, 
as soon as the other eye is' screened, proves that it 
takes little part in ordinary vision. 

If we test the power of rotation, we observe that 
both eyes may be turned outwards ; though, from the 
hypertrophy of the internal and relative atrophy of the 
external recti, already referred to, they turn less com- 
pletely in this direction than normal eyes; for the 
same reason, they turn inwards to a greater extent 
than is normal. The movements of the two eyes, 
used together, are concomitant; there is no actual 
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paralysis of muscular powers but the defect lies ia 
a want of harmonious associated action. 

It is very important to measure the degree of stra- 
bismus, as this determines whether an operation on 
one or both eyes will be required, and the extent to 
which the tendon of the internal rectus should be di- 
vided. For tills purpose an ivory scale, fitted to the 
form of the eyelid, and graduated in lines and half 
lines, is convenient. It is placed against the lower h'd 
of the converging eye, and the point where it is 
crossed by the vertical meridian of the centre or mar- 
gin of the cornea or of the edge of the pupil, is noted* 
The other eye is then covered, and the squinting eye 
now becoming rectified, the number of lines on the 
scale between the formerly noted point and that now 
crossed by the same meridian gives the amount of 
deviation. 

Another mode of measurement is also proposed by 
Mr. Bowman ; the points compared heing, the posi- 
tion of the outer edge of the cornea in its relation to 
the external canthus in outward rotation, and the 
position of the pupil as regards the lachrymal pune- 
tum in inward rotation. 

Whenever the deviation measures thi'ee lines or 
more it is usually necessary to divide both the inter- 
nal recti before harmonious action can be re-estab- 
lished between the eyes. It is wel!^ therefore, to in- 
fbnn the patient of the probabihty that an operation 
on one eye may not be sufficient. 
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The various steps of the operation have been some- 
what modified by modem surgeons. The incision 
through the conjunctiva should be small, so as to afford 
as nearly as possible the advantages of a subconjunc- 
tival operation. The tendon of the muscle should be 
divided close to its sclerotical insertion; unless it be 
desired to increase the effect of the operation, in 
which case the muscle may be^ cut farther back. If it 
be the intention, on the contrary, to limit the effect to 
be produced, the tendon may be only partially sev- 
ered, or a suture may be taken in the conjunctiva to 
bring together the edges of the external wound. 

From what has been said of the etiology of conver- 
gent strabismus, it follows that it must often be neces- 
sary to prescribe the use of convex glasses, to neutral- 
ize the hypermetropia, after the strabismus has been 
rectified by division of the muscle ; that the patient 
may be secured from a recurrence of the deformity, 
and, especially, that the eye which from long disuse 
has very imperfect sight, may have its visual power 
developed and increased. Otherwise, even should no 
strabismus recur, we have gained only one, and this 
the least important of the advantages to be derived 
from the operation ; the deformity is no longer obvi- 
ous, but the function of one eye still remains more or 
less dormant, and the patient loses the immense ad- 
vantages of binocular vision. Even without glasses, 
it is true, great improvement is often obtained, espe- 
cially if the patient is intelligent in his endeavors to 
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bring the eyes into associated use ; but yet more bene- 
fit ensues when the original defect of refraction w also 
corrected by suitable lenses. 

The cases of strabismus depending on opacity of 
the cornea may be often considered as an attempt of 
' Nature to obviate the effects of the obstmction to the 
passage of light, by placing the eye in such a position 
that rays may more readily be transmitted to the ret* 
ina. Oftentimes, therefore, in such cases, an opera- 
tion is not called far, or if done, an auxiliary operation 
should be perfomied for displacement of the pupil. 

It is impossible to insist too strongly on the impor- 
tance of an earli/ operation for the relief of strabis- 
mus, and on the fallacy of the popular belief which 
thinks it probable that *' the child may outgrow it," or 
considei^ it best to " wait till the child is older " be- 
fore having anything done. 

The sight, in thousands of eyes, has been sacrificed 
to these erroneous opinions. 

DIVERGENT STRABISMUS. 



As we have seen, convergent obliquity, resulting 
from unusual efforts of the internal recti in aid of 
accommodation in hypermetropic eyes, is most often 
developed at the age when the influence of h}^erme- 
tropia begins to be felt Divergent sti^abismus, on the 
contrary, associated as it is with the opposite state of 
refraction, myopia, is a more passive condition, usually 



160 RECENT ADVANCES IN OPHTHALMIC SCIENCE. 

manifesting itself later in life, and perhaps only after 
occurrence of some of the changes which belong to 
progressive myopia. 

The lengthening of the antero-posterior diameter in 
near-sighted eyes is effected in a great measure by the 
yielding of the posterior half of the globe, which 
gives to the eyeball a more or less ovoid form. This 
brings the centre of rotation farther from the posterior 
pole of the eye and from the insertions of the muscles, 
which thus act at disadvantage. The movements of 
the globe are therefore less easy and less extensive 
than in normal eyes, on account of the difficulty of 
rotating this ellipsoidal body within the orbital cavity, 
which has nearly the same form. 

A greater convergence of the eyes being required 
as objects are brought nearer, and this convergence 
having become difficult or impracticable in myopia, 
from the change of form of the globe and the relative 
insufficiency of its internal recti muscles, it results, 
that one eye alone is employed for vision of near 
objects, while the other is allowed to diverge; the 
muscular consciousness, as it may be termed, teaching 
that a persistent attempt to keep up the convergence 
merely induces weariness of the internal recti and of 
the ciliary muscle, without the actual attainment of 
the advantages of binocular vision. 

At first, the tendency to diverge shows itself only 
after the eyes have been fatigued by continued use; 
but as the internal recti become more enfeebled, the 
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inclination to yield to the divergent impulse becomes 
Jiugniented, This is because the strong efforts re- 
quired in convergence call into play an act of accom- 
modation on the part of the ciliary ninsclesj which 
brings ttie far point yet nearer, and renders tho per- 
ception of objects less clear* This is by no means 
agreeable to the patient, and he endeavors to avoid it 
by giving up binocular vision, and contenting liimself 
with the clearer image formed by a single eye. He 
in fact unconsciously encourages an outward deviation 
of one eye, that ho may have less annoyance from 
double images, which associate themselves with his 
ineffectual efforts to attain the proper degree of con- 
vergence for the formation of an ttnage upon corre- 
sponding points of the retina in t!ie two eyes. 

The fact of the considerable change of form of the 
globe, and actual relative insufficiency of tho internal 
recti, makes it more difficult to obtain as good a result, 
as rcf^ards the deviation, from simple section of the 
rectus extern us, as may be gained from division of the 
internal rectus in convergent strabismus. It is fre- 
quently desirable to keep the eye in a position of 
forced inversion during the days following the opera- 
tion, nntil the extern us has formed a reunion with tho 
globe farther back than would take place without this 
precaution. This may be effected by passing a suture 
througti a fold of the conjunctiva near the inner edge 
of the cornea, and then through the skin at the inner 
canthus- 



162 RECENT ADVANCES IN OPHTHALJHC SCIENCE! 

The suture cuts itself out after two or three days ; 
but in the mean time allows opportunity for reattach- 
ment of the external muscle in the wished-for posi- 
tion. The patient should be directed to keep the eyes 
as quiet as possible during this period, that the suture 
may not be prematurely torn away. 

The use of glasses after operation is even more im- 
portant in divergent than in convergent strabismus, if 
we wish to obtain every possible guaranty against re- 
lapse; and these should be selected according to the 
rules previously given in speaking of myopia. 
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Eyeball, elongation of, 131. 
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Eye mirror, 4. 
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Hypermetropia, absolute, 144. 
causes, 141. 
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142, 145, 148. 
the most frequent cause of 

asthenopia, 144. 
latent, 143. 
manifest, 143. 
measurement, 145. 
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a cause "of convergtot 
strabismus, 147. 

Inherited syphilis, 53. 

changes in teeth, 57. 
Internal recti muscles, action in ac- 
commodation, 109. 

insufficiency of, 124. 
Iriddesis, a substitute for iridecto- 
my, in some cases, 94. 

advantages of, 45, 95. 

cases for, 44, 94. 

in congenital cataract, 94. 
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modes of doing, 45. 
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mode of performing, 42. 
place of election for, 42. 
relief of pain after, 72. 
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Iritis, infantile syphilitic, 54. 
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of eyeball, 61. 

Keratitis, syphilitic, 55. 

Lateral illumination,- advantages of, 
26. 
in cataract, 26. 

separation of the retina, 76. 
mode of, 26. 
Ligature of the iris, 44. 
Limitation of the field of vision, illus- 
trations of, 81. 
mode of ascertaining, 30, 32. 
Long sight. See Hypermetropia. 
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measurement of, 136. 
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Strabismns, convergent, operation 
for division of tlie muscle, 
168. 
usually a consequence of hy- 

perraetropla, 154. 
use of glasses after operation, 

158. 
vision generally less perfect 
in the eye most affected, 
158. 
divergent, eyeball rotates with 
difficulty, 160. 
forced inversion after opera- 
tion, 161. 
glasses after operation, 162. 
in paralysis of ciliarv muscle, 

126. 
loss of binocular vision, 160. 
usually caused by myopia, 
154. 
Suture of cornea, after extraction of 
cataract, 90. 
of sclerotica, after ablation 
of staphyloma, 99. 
Syphilitic disease ot eye, infantile, 54. 



Syphilitic disease of eye, inherited, 
63. 

of cornea, 66. 

of retina in adults, 68. 
Sympathetic inflammation of eve, 
after certain kinds of inju- 
ries, 60. 

insidious progress of, 61. 

necessity for prompt treat- 
ment, 62. 

Teeth, condition of in some cases of 

congenital syphilis, 67. 
Tension of eyeball, mode of estimat- 
ing, 38. 
in glaucoma, 67. 
Test letters, use of, 28. 

Vitreous humor, affected in choroi- 
ditis, "78. 
in glaucoma, 69. 
opacities in, 83. 

Yellow spot, situation of, 24. 
changes in, 24, 81. 
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ocillegea^ We comntend it li> the profesalon and etudeatfl of medJcine.'^ — American 
MeUicai Monthly. 

»^Th!s ia eridenl5y the piwlnction of ao intellLgent nntl esqjerienoed phyEitrlac). 
The author'* »tylc ii clear aLd pleaeiug,''' ^Btitisk amd Fareign Midico-CAimr- 
gicai Review. ^ 

** After a careful pcrmal^ we do nnt hesitate to declare thia book of Dr. WilliamB^a 
one of very great exeeUence, One riset^ froni Its perusal with a feLhiii^ that be has 
a clear notion cf the range and distinctions of afiecUona of the eye. The book 
clearly indicates an exttnuive and wcll-itnprDvefl e^cperie&ce. In itylo^ methtxlf ikud 
toundness of utatetneutt It li pntltlcd la he cnti^ldi^retl a iuper^ar IkkiIeh We know 
dr none which tbe P(?aiier mny conauU with {.'q,uat advanEagi;,*^ — Bt^alo Medit^ai 
flitd Surrjiicaf Jours a/. 
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tions siach as naturallj a?f!uage our sorrow when an innocent 
child IB snatched from among hig playthings,^ when *' death 
has set the seal of eternity upon his brow, and the beantiiUl 
hath been majJe permanent" 

The rough sporta of boyliood, the otit-rloor life which boys 
always take to so naturally, and all tlieir habits of activity^ 
giye a strength of light and shade to their early years which 

h not to be found in girlhood. It is not enough to say 
that there is no difference in kind, but simply one in de- 
gree, ^^ — that the years of boyhood are calm and happy, 
and that those of girlhood are so like wise, — that the 
former resemble the gairi^h sunshinej and the latter the 
mitigated splendor of the moon ; for the characters of 
boys seem to be struck in a sharper die than thoa^ of 

girls, wliicb gives thorn an absoluteness quite dis- 
tinct from the femhiine gracQ we naturally look 
for in the latter. The free-hearted boy, phinging 
into all sorts of fun %vitliout a thought of his next 
day's arithmetic lessoiij and the gentle girl, who 
chngs to her mother's side like an attendant angel, 
are representatives of two distinct classes in the 
order of nature. 



Life is whatever we choose to make it It 
passes before us like a vast panorama, day by 
day and year by year unrolling and disclos- 
ing new scepes to charm us into self-forget- 
fulness. At one time, we breathe the bracing 
air of the mountains ; at another, our eyes 
are gladdened by the sight of^mishiny mead- 
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WARIC TDU BUT THAT I JN ftOTH MT CTU HE DOUVLY tEEl HIMIELF: III UCM EYE, DHEi- 

I HAVE A COOD EYE; I CAN SEE A CHURCH BY DAYLIGHT. 
TO CONJURE TEARS UP IN A POOR MAID'S EYES, 
TWO CRAY EYES, WITH LiDS TO THEM; 
HIS EYES WERE GREEN AS LEEKS. 

ARE OUR EYES OUR OWN? 
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GET THEE CLASS EYES; 
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SLFDCEUHTQ 
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4v*iiii fine, this bonk 4i*mM be relumed on 
ur before tlie rUte last stamped below. 



